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PREFACE. 



The object of this small volume is to furnish a clear 
and concise digest of the fundamental principles of the 
steam-engine, and the practical calculations based upon 
them. While not entering into the more abstruse mathe- 
matics of the subject, it is believed that these few pages 
contain all that is necessary to solve the ordinary problems 
relating to steam in its applications to the steam-engine. 

The preparation of this work has grown out of the 
author's own need for a collection of simple and accurate 
facts and rules, such as he has been unable to find in any 
single treatise of the many he has consulted. Its merit, 
if it has any, is not in presenting anything new, but 
merely in putting the accepted facts of the subject in 
readily accessible shape for practical use. 

E. s. G. 
YoNKERS, N. Y., A/ri/j 1897. 



Arithmetic of the steam-engine. 



HEAT. 



Heat is a form of motion, and may be defined as 
a state of intermolecular activity. 

Heat is imponderable : the weight of a cubic foot of 
water is not increased by having additional heat im- 
parted to it, although its temperature is increased. 

The unit of temperature in this country and Eng- 
land is the Fahrenheit degree. 

The unit of heat in this country and England is the 
British Thermal Unit (b. t. u.). It is the quantity of 
heat necessary to raise the temperature of 1 lb. water 
from 39° (degree of maximum density) to 40°. In 
general it is considered as that quantity of heat neces- 
sary to raise 1 lb. of water 1° from or to any temper- 
ature between the limits of 32° and 212°. 

If equal quantities of combustible be burned in 
heating two different volumes of water of equal initial 
temperature, their respective augmentations of temper- 
ature will be inversely as the volumes or weights of 
water heated. 

1 
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Thus, if one vessel contains 1 lb. and another sim- 
ilar one contains 10 lbs. of water at 40°, and equal 
weights of alcohol are burned under both, then if the 
temperature of the 1 lb. water rises to 60°, that of the 
10 lbs. would rise to 41°. 

If the quantities of combustible consumed were pro- 
portional to the weights of water heated, then the tem- 
peratures would receive equal iocrements, and remain 
the same. The water in each vessel would then con- 
tain and could communicate quantities of heat, or num- 
bers of B. T. u., directly as their weights. 

Thus, in the above case, if 10 times 'as much alco- 
hol were burned under the larger vessel as under the 
smaller, the temperature of the water in both would 
rise to 50°; and the larger volume would contain 10 
times as much heat, and could communicate or extract 
10 times as much to or from another body of lower or 
higher temperature. 

Naturally, such exactness of proportion could not be 
realized in practice ; but the actual results would always 
be in the direction indicated, between 32° and 212°. 

The temperature of a body is the degree of heat which 
it communicates to, and which is recorded by, a ther- 
mometer. The quantity of heat which it contains is 
its temperature into its weight into its specific heat. 

The specific heat of any substance is the quantity of 
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heat necessary ,to raise the temperature of a given weight 
of the substance through a given number of degrees, 
compared with that necessary to raise the same weight 
of water through the same number of degrees. It is 
therefore that fraction of a b. t. u. necessary to raise 
the temperature of 1 lb. of the substance through 1°. 
Water having the greatest capacity for heat of any 
known substance, its specific heat is taken as unity, 
and that of all other substances is a fraction less than 
unity. 

. Thus, it takes ^^th b. t. u. to raise the temperature 
of 1 lb. copper 1°. The specific heat of copper is there- 
fore 0.10. 

In mixtures of substances, liquid or solid, of different 
(or the same) temperatures, weights, and specific heats, 
the total quantity of heat before mixing is equal to the 
total quantity of heat after mixing ; the bodies of higher 
temperature losing heat whiqh those of lower temper- 
ature gain, until a uniform temperature is attained 
throughout the mass, the total loss being equal to the 
total gain. The multiplication of the weight of a body 
of given temperature by its specific heat reduces it to 
an equivalent weight of water of equal temperature, so 
that, practically, mixtures of all bodies, solid or liquid, 
are supposed to take place between given weights of 
water at given temperatures. 
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For the mixture of two substances, therefore, we have 
the equations: — 

TWS + T' W'S' =f(PFS + WS'). (1) 

t = ^ .. (2) 

In which : 

JF= weight in lbs. of one substance of temperature 
T and sp. ht. S ; W*, T', S', = same for the other sub- 
stance, and / = uniform temperature of mixture. 

The above formulae can obviously be extended to any 
number of substances. 

Example i. Twenty lbs. of water at 73° ; 341 lbs. at 
ST^'.S, and 50 at 200° are mixed together. What is the 
uniform temperature of mixture ? (Sp. ht. water =1). 

20 X 73 + 341 X 87.5 + 50 X 200 ^^^^ ^^ 

/ = -^- = 100°.48. 

20 + 341 + 50 

Example 2. From a vessel containing 10 lbs. water 
at 180° there is taken 1 lb., which is mixed with 9 lbs. 
water at 40°. The remaining 9 lbs. at 180° are then 
mixed with 1 lb. water at 40°. The two separate mix- 
tures are then mixed together. What are the respective 
temperatures of the three mixtures ? 54° ; 166° ; 110°. 

Example 3. 2 lbs. copper (sp. ht. = 0.10) at 500° 
and 3 lbs. cast iron (sp. ht. 0.13) at 650° are immersed 
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in 100 lbs. water at 60°. What is the resultant tem- 
perature of the three bodies when it has become uni- 
form } 

500 X 2 X 0.10 + 650 X 3 X 0.13 + 60 X 100 ^^^ ^^ 
/ = = 63 .lb. 

2 X 0.10 -f 3 X 0.13 + 100 

Example 4. — How many pounds of copper at 500° 
must be added to 100 lbs. of water at 75°, to heat it to 
a temperature of 100° } 

500 X 0.10 ^ + 75 X 100 = 100 (0.10 x + 100) ; 
X = 62.5 lbs. 

Example 5. — 20 lbs. of alcohol at 90° are mixed with 
10 lbs. of water at 32°. The resultant temperature is 
65°. What is the specific heat of the alcohol ? 

90 X 20^ + 32 X 10 = 65 (20 a: + 10) ; 
X = 0.66 = sp. ht. alcohol. 

Example 6. — What must be the temperature of 10 
lbs. water which, added to 70 lbs. at 100°, raises the 
temperature to 101° ? 

10 a: + 7000 = 8080 ; X = 108°. 

Practically all such calculations relating to mixtures 
give only approximate results, because they are based 
on the unrealizable assumption that the interchange of 
heat takes place wholly and only between the bodies 
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mixed, taking no account of the temperature or con- 
ductibility of the containing vessel, or of the temper- 
ature of the surrounding air. 

THE ABSOLUTE ZERO OF TEMPERATURE. 

This is the imaginary temperature at which the vol- 
ume of a perfect gas, contracting 0.268 of its bulk in 
passing from 212° to 32°, would shrink to zero. It is 
determined from the above data, by the following pro- 
portion : — 

-^ = -i-; .r = 671.7. 
180 0..268 

Then absolute zero, Z, below Fahr., is given by the 

equation : — 

Z = 671.7- 212 = 4r>9°.7. 

It may be taken practically as 460°. The absolute 
temperature corresponding to any given reading of the 
Fahrenheit thermometer is obtained by adding, algebra- 
ically, 460° to such reading. Thus, if steam has a tem- 
perature of 300°, its absolute temperature is 760°. The 
absolute temperature corresponding to — 50° is 410°. 

Obviously we can conceive of the possibility of an 
absolute minimum temperature, but not of a maximum, 
because converging lines may ultimately meet, while there 
is no limit to diverging ones. 
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ICE. 

The temperature of ice can be indefinitely lowered, 
but cannot be raised at atmospheric pressure above 32°, 
at which pressure and temperature ice tends to melt 
and water to freeze. 

A pound of ice at 32° requires the addition of 143 
B. T. u. to convert it to water at 32°, and 143 b. t. u. 
must be extracted from a pound of water at 32° in order 
to convert it into ice at 32°. In mixtures containing ice 
at 32° therefore, 143 times the weight of ice must first 
be subtracted, and then 32 times its weight added to 
the mixture. This is equivalent to subtracting 111 times 
its weight from the total heat of the mixture. 

Example 7. — 5 lbs. of ice at 32° are immersed in 
7 lbs. of water at 160°. What is the temperature of 
the mixture when all the ice has just melted.? 

^_ 160-mx5 _^^, 

7 + 6 

Ice presents the peculiarity of having a specific heat 
of about 0.50 between 0° and 32°, 
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Example 8. — 10 lbs. of ice at 0° are immersed in 
100 lbs. of water at 212° ; what is the resultant tempera- 
ture of the mixture when all the ice is just melted } 

The consequence of this mixture would be first to 
raise the temperature of the ice at 0° to ice at 32°, and 
it then becomes the same as in previous example. Thus : 

- ^^2 X 100 — 32 X 10 X 0.50-111 X 10 

^ 110 = • • 

If the ice had been at 32° instead of at 0° : 

/ = 182.64. 

Practically, ice is assumed t ) be at 32° in calculations 
of mixtures. 
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STEAM. 

Just as 1 lb. of ice at 32° requires the addition of 
143 B. T. u. to convert it into water at 32°, so 1 lb. of 
water at 212° requires, at atmospheric pressure, the ad- 
dition of 966 B. T. u. to convert it into steam at 212°. 

The total quantity of heat contained in 1 lb. of 
steam at 212° is therefore 212° + 966° = 1178°. A 
thermometer placed in the steam or the water from 
which it is produced would register only 212°. The 
966°, which have no effect upon the thermometer, con- 
stitute the latent heat of the steam, and 1178° is the 
total heat. The latent and total heats pertain only to 
the steam ; the water contains only the heat indicated 
by its temperature. 

At the sea-level, or under a normal atmospheric 
pressure of about 15 lbs. per sq. in., water cannot be 
reduced below 32°, or raised above 212° without becom- 
ing, or tending to become, ice in the one case and 
steam in the other. 

Temperature and sensible heat are generally consid- 
ered as synonymous terms. Sensible heat is, however, 
always a little higher than the temperature, as is shown 
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by Porter's Tables. The difference is so slight that 
in practical calculations no appreciable error ensues from 
considering them the same. Throughout the following 
pages the term Temperature will be uniformly used. 

If steam be generated in a closed or partially closed 
vessel, so that it cannot freely escape as fast as it 
is formed, the pressure increases beyond that of the 
atmosphere, and the temperature (and sensible heat) 
increase also, while the latent heat diminishes, but not 
in so rapid a proportion. The total heat of steam does 
not therefore greatly vary, even when the pressures are 
considerably increased. This fact has a most impor- 
tant bearing upon the economics of the steam-engine ; 
for the result is, that it costs very little more fuel to 
maintain steam at a high pressure than at a low one. 

The three characteristics, Temperature, Latent Heat, 
and Total Heat, corresponding to various pressures, are 
given in the published tables of the properties of dry 
saturated steam, by which rather contradictory title is 
meant steam without admixture of entrained water, gen- 
erated in contact with unevaporated water of its own 
temperature, as is the case of steam in a boiler. If 
heat be added to steam after all the water from which 
it is formed has been evaporated, it becomes what is 
called Superheated Steam, 

Such tables should always be consulted when mak- 
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ing the various calculations relating to steam ; but there 
are also formulae which give, some very closely and 
others much less so, the same properties. Thus, very 
closely : — 

//= 0.30 7-+ 1115. (3) 

L = 1114 - 0.70 T. (4) 

In which If = total heat ; T = temperature, and L = 
latent heat. 

The following give approximately the total heat and 
temperature of steam at different gauge pressures. For 
those below 15 lbs. per sq. in. : — 



If = 4 VG + 117S. 


(5) 


T = 12.5 V^+ 212. 


(6) 


! 15 lbs. : — 




^= 4.2 VG + 1175. 


(7) 


r = 14V^+199. 


(8) 



In which G = gauge or boiler pressure, or pressure 
above the atmosphere. The absolute pressure, which is 
most commonly used, is obtained from the gauge pres- 
sure by adding that of the atmosphere, or say 15 lbs. 
To use the above formulae when the absolute pressure 
is given, subtract 15 to reduce it to gauge pressure. 
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Should the absolute pressure be less than 15 lbs., 
subtract it from 15, extract the square root of the 
remainder, and give it the negative sign. 

Example 9. — Temperature of steam is SOO"*. What 
are total and latent heats .^ 

H = 0.30 X 300 + 1115 = 1205°. 
L = 1114 — 0.70 X 300 = 904°. 

Example 10. — Gauge pressure =121. What is total 

heat } 

^= 4.2 X 11 + 1175 = 1221°.20. 

The correct answer, per Porter's Tables, is 1220°.86. 

Example 11. — Absolute pressure 6 lbs. What is 
temperature t 

T = 212- 12.5 X 3 = 174°.5. 

The correct answer, per Porter's Tables, is 170°.57. 

When mixtures of steam and water are made, the 
amount of heat contributed by the steam is its total 
heat into its weight. 

Example 12. — The temperature of the exhaust steam 
of a condensing engine is 212°. How much injection 
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water at 60° must the jet condenser furnish per pound 
of steam, to maintain the temperature of the hot well 
at 106°? 

The general formula for all such problems, derived 
from (2) is — 

w^^^::^. (9) 

In which PF= weight of injection water in pounds, 
per pound of steam ; H = total heat of steam above 
0° Fahr, ; C = temperature of condenser or hot well, and 
/= temperature of injection water. 

Substituting the data of the example in (9) : 

1178 — 105 __ 

IV ;= = 23.90 lbs. 

105 - 60 

Formula (9) relates to the jet condenser. When a 
surface condenser is used, no mixture of water and 
steam takes place. The data required are : Total heat 
of steam ; temperature of hot well ; weight of circulat- 
ing water per pound of steam (instead of weight of 
injection water) ; its initial temperature (corresponding 
to temperature of injection), and its final temperature. 
This is the only additional factor. 

In the surface condenser, the heat necessary to raise 
the temperature of the circulating water from its initial 
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to its final temperature is furnished by the steam, and 
the quantity of circulating water must be sufficient to 
extract enough heat from the steam on passing from its 
initial to its final temperature to reduce the steam to 
water of the temperature of the condenser or hot well. 
The formula is : 

IV = . (10) 

In which / = initial, and F = final temperature of 
circulating water. 

Example 13. — Temperature of steam and hot well 
being as in previous example, what weight of circulat- 
ing water per pound of steam is required, when 1=60'' 
and 7^=105°? 

Inserting data in (1): 

1178 - 105 ^^ ^ „ 

«^= = 23.90 lbs. 

105 — 60 

This is the same as in previous example of the 
action of the jet condenser, as will always happen when 
the circulating water enters at the temperature of the 
injection water, and leaves it at that of the hot well ; 
but this rarely occurs in practice, because the final 
temperature will almost always be lower than that of 
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the hot well, consequently rather more water is required 
in surface condensation than by jet. 

The surface condenser is used when it is desirable 
to prevent the condensing water from entering the hot 
well and being pumped back into the boiler. Its use is 
essential in the modern marine engine working with 
high-pressure steam. It is also frequently used for 
pumping-engines, when there is not sufficient water to 
waste in a jet condenser. In such cases part of the 
water supply taken either from the suction or force 
main is passed as circulating water through the surface 
condenser. 

PRESSURE AND VOLUME. 

A perfect gas, maintained at a constant temperature, 
contracts and expands in volume in inverse ratio to the 
pressure. Thus, if it occupies a volume 2 under a pres- 
sure 1, it will occupy a volume 1 under a pressure 2. 
Hence the invariable relation, — 

P' V ^P V. (11) 

In which P and /^' are two different pressures, and 
V and V'f the corresponding volumes. 

Although saturated steam as used in the steam cyl- 
inder by no means complies with the conditions of this 
law, being neither a perfect gas nor maintaining a con- 
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stant temperature during changes of pressure and vol- 
ume, the above formula is used in steam calculations as 
a convenient approximation with practical results of the 
greatest utility. In fact, it may be said that much of 
the progress made in steam engineering has been due 
to the bold use of simple approximate calculations, by 
which the leading principles of the art have been kept 
clearly in view, not only of the educated engineer, but 
also of the simple artisan. 

The volumes correctly corresponding to different 
pressures are given in the published tables of the prop- 
erties of saturated steam, but for ordinary pressures, 
ranging from 50 to 150 lbs. absolute, it is never far wide 
of the mark to assume a constant value of 420 for 
P V. Hence, within these limits : 

F'V'^ 420. (12) 

Example 14. — What volume does 1 lb. of steam at 
100 lbs. absolute pressure occupy } 



420 
F' = - - = 4.20 cu. ft. 
100 



The correct volume is 4.33 cu. ft. 

For lower pressures, say around 30 lbs. absolute, the 



F'V 


r' 


PV 


r 


PV^ 


86.6 r 
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constant is about 405, and for those between 150 and 
200, about 450. 

From (11) we have, for saturated steam : 

PV 
For superheated steam the relation is : 

(13) 
J:' y r 

Also: 

(14) 

In which r and r' are the absolute temperatures, cor- 
responding respectively to PFand P'V, 

By consulting a table of the properties of saturated 
steam it will appear that the pressure, temperature, and 
volume of a given weight of saturated steam are inva- 
riably related, so that one element being given, the other 
two follow of necessity. For a given weight of saturated 
steam, the temperature and density increase, and the 
volume diminishes with an increase of pressure. Pro- 
fessor Yeo says : — 

1. " The steam possesses only as much heat as is 
absolutely necessary for its maintenance as steam at the 
particular pressure. 
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2. "The temperature and the volume per pound cor- 
respond with the pressure, as in the process of evapora- 
tion, being respectively the lowest temperature and the 
smallest volume per pound at which steam of the particu- 
lar pressure can exist ; in other words, saturated steam 
has the lowest temperature and the greatest density con- 
sistent with its pressure." 

A given weight of superheated steam increases in 
volume with an increase of temperature, the pressure 
remaining constant and the density diminishing. 

Superheated steam acquires "an amount of heat in 
excess of that possessed by ordinary steam of the same 
pressure ; ajid it could then part with heat, until reduced 
to the ordinary or saturated condition, without any lique- 
faction occurring." — Yeo. 

Superheated steam is dry steam not in contact with 
water, to >yhich additional heat is applied. 

With the low pressures of former days, steam was 
advantageously superheated. As the pressures were in- 
creased, it fell into disuse except to the very limited 
extent necessary to secure dry steam. Of late, however, 
its use is being revived. Professor Unwin cites instances 
of its being used with good results in Alsatia. 
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COMBUSTION AND COMBUSTIBLES. 

A combustible is a substance capable of combining 
with the oxygen of the atmosphere in the presence of a 
sufficient degree of heat. Such combination is called 
combustion, 

"When coal is brought to a high temperature it ac- 
quires a strong affinity for oxygen ; and combination with 
oxygen will produce more than sufficient heat to main- 
tain the original temperature, so that part of the heat 
is rendered applicable to other purposes." — Bourne. 

The complete combustion of 1 lb. of pure carbon 
evolves 14,500 b. t. u. Since 1 lb. of water at 212° re- 
quires the addition of 966 b. t. u. to convert it into steam 
at same temperature, 1 lb. of pure carbon should be 
capable of evaporating ^%l%^ = 15 lbs. of water "from 
and at " 21 2^ Although a pound of good steam coal 
will, in the laboratory, furnish nearly 14,000 b. t. u., and 
should therefore evaporate about 14 lbs. of water, it is a 
very good practical result when a pound of coal burned 
under or within a boiler develops about 10,000 b. t. u., 
and evaporates about 10 lbs. of water at ordinary tem- 
peratures of feed and steam. 

In comparing the efficiency of boilers, the weight of 
water actually evaporated per pound of coal, from feed 
water at the given temperature to steam at the given 
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temperature, is reduced to the equivalent weight with 
both at 212°, or as it is called, "from and at" 212°, as 
a standard of comparison. 
The formula of reduction is : 

IF' = JV ^^^^K (15) 

966 

In which PF= lbs. of water evaporated per lb. of 
coal, from feed at F° to steam of total heat H"^, and 
W = the corresponding weight of water at 212°, which 
would be evaporated into steam at 212° by the same 
number of heat units. 

Example 15. — Feed water, 90° ; steam, 95 lbs. abso- 
lute. Amount of water evaporated per lb. of coal, 9 
lbs. What is the equivalent evaporation per lb. from 
and at 212° ? 

^'=9^^?^?^l^ = 10.46 1bs. 
966 

EFFICIENCY OF THE STEAM-ENGINE. 

One horse-power = 33,000 ft. lbs. per minute, or 
1,980,000 per hour. One b. t. u. = 772 ft. lbs. Con- 
sequently the heat-equivalent of a horse-power is ^JJJ^ft 
= 2,565 B. T. u. per hour. If 10,000 b. t. u. be devel- 
oped per hour, they should furnish VscV = 3.90 h. p. 
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10,000 B. T. u. should evaporate, from and at 212°, 
igjg^ = 10.35 lbs. of water. If evaporated in an hour, 
developing, as above 3.90 horse-power, this would be at 
the rate of 2.65 lbs. of water or steam from and at 
212° per hour per horse-power. 

We have seen that 1 lb. good coal will develop in 
the furnace about 10,000 b. t. u. Hence, 1 lb. coal 
should develop 3.90 h. p. per hour. In round num'bers 
we can say that theoretically \ lb. coal and 2| lbs. water 
per hour should furnish 1 h. p. 

Now, the best type of single-cylinder condensing 
engine requires at least 25 lbs. water evaporated from 
and at 212° per hour per horse-power, or say 26.60 
lbs., as against the 2.66 which should suffice. Its effi- 
ciency is therefore — 

2.66 



26.6 



= 0.10, or 10%. 



The most refined type of quadruple-expansion engine 
will require 14 lbs., or say 13.30 lbs., water evaporated 
into steam from and at 212° per hour per horse-power, 
showing an efficiency of f^f^ = 20 ^ . 

These figures show that the efficiency of the best 
quadruple-cylinder engine is to that of the best single- 
cylinder engine about as 2 to 1. 

If we admit 10,000 b. t. u. per lb. of coal as a work- 



22 ARITHMETIC OF THE STEAM-ENGINE. 

ing average, the most perfect single-cylinder condensing 
engine will require about 2 J lbs. coal per hour per 
horse-power, and the quadruple about Ij lbs. 

The above efficiencies have been figured between 
the boiler and the cylinder ; that is, between the b. t. u. 
furnished and the indicated horse-power returned. If, 
however, the work "done on the shaft," or the actual 
useful work performed, should be taken instead of the 
indicated horse-power given off by the cylinder, the 
efficiency would be still less. The efficiency as between 
the work delivered by the piston, or the indicated horse- 
power, and that taken off the shaft, or the brake horse- 
power, varies greatly, according to the power necessary 
to run the unloaded engine, which varies with the type 
of engine used ; 85 ^ is a good result. 

Of all the losses between the coal heap and the 
shaft, that is to say, between the 14,000 b. t. u. actu- 
ally contained in a pound of very superior coal which, 
if consumed in an hour, is theoretically equivalent to 
nearly h\ horse-power, and the \ horse-power, which 
may perhaps be taken off the shaft of a very perfect 
engine, or say a total loss of about 90^, it will be 
seen from what precedes that the loss between the fur- 
nace and boiler is small, the loss between the boiler 
and the cylinder very large, and the loss between the 
cylinder and shaft small. The main loss is between 
boiler and cylinder. 
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It is evident, however, that the computation has hot 
been fair to the cylinder, because it is charged with all 
the heat furnished by the boiler. But some of this 
heat is not and cannot be used ; it is rejected by the 
cylinder to the condenser, and the temperature of the 
condenser or hot well, together with the weight and 
initial temperature of the injection water, enable us to 
calculate the heat thus rejected. This loss of rejected 
heat can never be wholly got rid of ; in other words, 
the temperature of the hot well can never be reduced 
to absolute zero. 

Carnot's theory of the theoretically possible efficiency 
of a perfect heat engine, while based upon an ideal 
state of things not only unrealizable in practice, but 
to a certain extent self-contradictory in theory, is still 
our surest guide to the increase of efficiency of the 
steam-engine ; another instance of the indebtedness of 
steam-engineering to intelligent approximations. 

Camot*s theory is thus expressed : 



r — r' 
E = . (16) 



In which E = theoretical maximum of efficiency ; r = 
absolute temperature of heat received, and r' = absolute 
temperature of heat rejected. This equation brings 
out in bold relief the central fact that the higher the 
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temperature of the heat received and the lower that of 
the heat rejected the greater the efficiency. If r* were 
reduced to absolute zero, the whole of the heat received 
would be utilized, and the efficiency would = 1. 

To make use of (16) practically, it must be borne in 
mind that the right-hand member is a coefficient to be 
applied to the total heat (not temperature) furnished. 
The complete practical formula is therefore : 

H'^H^±^. (17) 

/ + 460 

In which H' = maximum utilizable heat ; H = total 
heat supplied ; / = temperature above 0° Fahr. of heat 
received; /' = temperature above 0° Fahr. of heat re- 
jected, and / + 460 = absolute temperature of heat re- 
ceived. [Note that it is unnecessary in (16) to reduce 
the numerator to absolute temperature.] 

As applied to the steam-engine — the only applica- 
tion that we are at present concerned with — the prac- 
tical formula is thus written : 

(r- T') 

B.T.U. = Z . (IS) 

T+460 ^ ^ 

In which b. t. u. = heat units theoretically utilizable 
per pound of steam ; L = latent heat of steam ; T = 
temperature of steam ; T' = temperature of hot well. 
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Example i6. — Steam 60 lbs. absolute pressure ; tem- 
perature of hot well 100°. What is the theoretically 
possible work of engine in b. t. u. per lb. of steam } 

(295 - 100) 

B. T. u. = 908 ^^ ^ = 234.26. 

755 

It has been already shown that 2,565 b. t. u. per hour 
= 1 H. p. The above engine should therefore run on 
YsV = 11. lbs. steam (or water) per hour per horse- 
power. Practically, it would require at least 25 lbs. of 
water. Its efficiency therefore is 44^. 

Example 17. — Steam 200 lbs. absolute. Hot well, 
100°. 

B.T.x;. = 843.40 (??Illl^ = 286. 
847 

This would call for 8.95 lbs. water as against at least 
13.30 lbs. which such an engine would practically require 
per hour. Its efficiency therefore is about 67^. 

At high temperatures, the latent heat of steam is 
nearly equal to its absolute temperature, so the efficiency 
of an engine working with high-pressure steam can be 
rapidly approximated thus : 

2566 
E^ . (19) 
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In which W = weight of water consumed per indi- 
cated horse-power per hour. 

This formula is exactly correct for steam at 195 lbs. 
absolute. 

STEAM USED EXPANSIVELY. 

Steam is generally used expansively ; that is to say, 
it is cut off in the cylinder before the piston has com- 
pleted its stroke, and is allowed to expand during the 
rest of the stroke. 

There are three essential elements connected with 
the expansive working of steam, any two of which being 
given the third may be deduced. They are: Initial 
Pressure, Terminal Pressure, and Point of Cut-off. The 
calculations are made by the use of Boyle's equation, 
(11), already given : 

Referring to Fig. 1 we have, since cylinder volumes 
are proportional to length of stroke : 

Pc = P'L (20) 

In which P = initial absolute pressure of steam, rep- 
resented to scale by ab\ P' = terminal absolute pres- 
sure represented on same scale by de\ ^ = length of 
stroke to point of cut-off = * ^ in figure ; and / = full 
stroke ^ ae \n figure. 
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Example i8. — Length of stroke 48 inches. Length 
to point of cut-off 9 inches.. Initial pressure 75 lbs. 
absolute. What is terminal pressure? 

/>' = !i^ = i4ibs. 

48 

To find the pressure, /, at any intermediate length 

of stroke, s^ either Pc or PI \s taken as the constant, 

according as the initial pressure and length of cut-off, or 

terminal pressure and length of full stroke, are given. 

Thus: ^ «,, 

Pc P'l 

/ = — = . (20 bis.) 

s s 

Example 19. — In the above example, given initial 

pressure and cut-off, what is the pressure, /, at 12-inch 

stroke? 

12/ = 75 X 9; 

675 

/ = = 56.25 lbs. 

12 

Example 20. — In the above, given terminal pressure 
= 14 lbs. and length of stroke 48 inches, what is the 
pressure, /, at 25-inch stroke ? 

25/ = 14X48; 

672 
;/ = — = 27 lbs. 
25 
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The point of cut-off is most conveniently given, when 
it can be done in whole .numbers, as a fraction of the 
full stroke, in which the length of cut-ofF is taken as 
unity, and made the numerator of the fraction, the de- 
nominator being the full stroke expressed in " times the 
cut-off." This fraction gives also the rate of expansion, 
or number of times the steam is expanded in the cylin- 
der. Thus, if the full stroke were 30 inches, and the 
cut-off took place at 6 inches, we should say that the 
steam' was cut off at \ stroke, and the rate of expansion 
was 5. Hence, point of cut-off is the reciprocal of the 
rate of expansion. 

There is, then, the simple relation between initial 
and terminal pressure and point of cut-off, or rate of 

expansion : 

, P 
P' ^ — , (21) 

R 

In which R = rate of expansion. 

Example 21. — Initial pressure, 75 lbs. Rate of ex- 
pansion 5. What is the terminal pressure? 

75 
Z'' = — = 15 lbs. 
6 
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BACK PRESSURE. 

While the piston is being urged forward by the 
pressure of steam behind it, its progress is opposed by 
the back pressure of the steam in front of it, due to 
obstructions to its free escape into the atmosphere in 
the case of non-condensing engines, and in the case of 
condensing engines due to the temperature of the hot 
well, or the rejected heat which was not only not util- 
ized on the previous stroke, but which also exercises a 
retarding influence on the return. About 100° is the 
very lowest temperature to which the hot well can be 
reduced, corresponding to about 1 lb. per sq. in. of back 
pressure ; and it is doubtful if even this has ever been 
realized in practice. The back pressure is ordinarily 
measured directly by the vacuum gauge. If the gauge 
reads 26 in. of mercury, the back pressure is ao_-jL& = 
2 lbs., supposing 30 inches of mercury to indicate a 
perfect vacuum. 

It is clear that steam must never be expanded in 
the cylinder to below the back pressure. Should this 
be done, then, when the piston reached the point (Fig. 
1) where the pressure, /, just equalled the back pressure, 
the engine would stop, unless carried over by a fly-wheel 
or the momentum of the moving parts, or the direct 
action of a second engine working at right angles to the 
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first. The theoretical number of advantageous expansions 
would therefore be '^^^^^^ but in practice only 75^ 
of this can be taken. Practically steam cannot be ex- 
panded to below 8 lbs. absolute terminal pressure, and 




fig. 7. 

10 lbs. is nearer general practice. On the other hand, 
the vacuum .can never be perfect ; nor should it be even 
if that were possible, for there must be always sufficient 
pressure in the hot well to actuate the valves of the 
air-pump. 

MEAN EFFECTIVE PRESSURE. 

When an engine works expansively, the pressure 
varies at different parts of the stroke. In calculations 
relating to horse-power, it is necessary to know the 
average pressure, or that pressure in lbs. per sq. in. 
which, multiplied by the area of the piston in sq. ins. 
and length of stroke in feet, shall give the foot pounds 
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developed by a piston stroke. Knowing the initial and 
terminal pressures, a diagram may be constructed by 
means of the formulae already given which shall repre- 
sent by an area the total pressure exerted, which, being 
divided by the length of stroke, will give the mean or 
average pressure. This method is not, however, gen- 
erally resorted to in practice, because the mean ef- 
fective pressure can be more readily and accurately 
determined by the formula : 

M, E.P,=^—{1 + hyp. log. R) - B. (22) 

In which M. E, P. = mean effective absolute pres- 
sure ; R = rate of expansion ; hyp. log. R = hyperbolic 
logarithm of R, and B = back pressure. It is well to 
remember that the hyp. log. of a number equals very 
closely its common log. multiplied by 2.30. 

Example 22. — Initial pressure 75 lbs., rate of expan- 
sion 5, back pressure 3 lbs. ; what is Al. E, P, ? 
E. P. = V (1 + 1.6094) - 3 = 36.14 lbs. 



M, 



CLEARANCE. 



Clearance comprises all the spaces remaining between 
the end of the piston and the face of the steam valves, 
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at the end of each stroke. These spaces practically in- 
crease the length of the cylinder and lessen the rate of 
expansion. Their measurement is sometimes difficult, 
and the result is generally expressed as a percentage of 
the length of cylinder, which is added as a constant both 
to the actual length of cylinder and to the distance cov- 
ered by the piston to point of cut-o^ as shown in Fig. 1, 
and expressed by (20). 




Fig. 2. 



Referring to Fig. 2, we have (20) modified by the 
effects of clearance, thus : 



P(^ + A')=/"(/+AO. 



(23) 



In which P = initial pressure ; P' = terminal pres- 
sure ; c = length of stroke to point of cut-off ; / = length 
of full stroke, and K = equivalent of clearance spaces. 
The true rate of expansion is then, — 
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c + K 
and : 



(24) 



Example 23. — Length of cylinder, 40 in. ; cut-off, 
8 in. ; clearance 10^ = 4 in. ; P = 75 lbs. ; i9 = 3 lbs. 
What is the rate of expansion, and the terminal and 
mean effective pressures with and without clearance.? 

With clearance : 

40 + 4 ^ 
i^ = — ^^^ = 3.67. 
8 + 4 



P' = 75 f ijhi.') = 20.45 lbs. 



\40 + 4> 



M. E. P. = 1— (1 + 1.3002) - 3 = 44 lbs. 
3.67 



Without clearance : 



R = — = 5. 

8 



/" = — = 15 lbs. 
5 



3/:^./'.= 36.14 lbs. 
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Clearance, then, increases mean and terminal pres- 
sures, and therefore power. It also increases consump- 
tion of steam, and therefore lessens economy. The 
consumption of steam increases at a more rapid rate 
than the increase of power ; for in the above example, 
the consumption of steam in the two cases is as ^- = 1.5, 
while the increase of power is as |} = 1.22. 

In a word, clearance has the effect of making the 
engine work less expansively and therefore more ex- 
pensively. 

The pressure at any point of stroke, with clearance, 
is found as in previous examples. 

Example 24. — In the previous example, with clear- 
ance, what is the pressure at half stroke.? 

^ = !^(^±i)= 37.50 lbs. 
20 + 4 

The preceding rules afford the means of calculating 
approximately the consumption of steam in the cylinders 
per stroke. 

Example 25. — Cylinder, 20 in. diameter ; stroke, 40 
in. ; cut-off, 8 in. ; clearance, 4 in. ; initial pressure, 
75 lbs. How many pounds of steam are admitted and 
exhausted each stroke ? 
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Capacity of cylinder to point of cut-off, 
314.16 X 12 



1728 



: 2.18 cu. ft 



Weight of cubic foot of steam of 75 lbs. pressure == 
0.1792 lbs-. Weight of steam admitted at each stroke, 
2.18 X 0.1792 =0.391 lbs. 

Also, terminal pressure being 20.45 lbs., and capacity 
of cylinder, including clearance, being 8 cu. ft., and 
weight of one cubic foot of steam of 20.45 being about 
0.052, the steam exhausted as reckoned from terminal 
pressure is 0.416 lbs., a close agreement with the amount 
as reckoned from initial pressure. 

The above calculation is of course only an approx- 
imation, because, for one reason, the clearance spaces are 
not entirely filled and emptied at each stroke. A closer 
approximation may be obtained from an indicator dia- 
gram. 

HORSE-POWER. 

Knowing the mean effective pressure, stroke, and area 
of piston, and number of revolutions per minute, the 
horse-power of an engine is readily calculated thus: 

2 PLAN 

H. p. = (26) 

33000 
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Also, 

H. P. = PLD^N X 0.000048. (27) 

H. p. = FID'^N X 0.000004. (28) 

In which P = mean effective pressure per square 
inch ; L = length of stroke in feet ; A = area of piston 
in square inches, N = number of revolutions per min- 
ute ; D = diameter of piston in inches ; / = length of 
stroke in inches. 

INDICATOR DIAGRAMS. 

It is by means of indicator diagrams that the best 
knowledge is obtained of the working of the valves and 
the distribution of steam, as well as the most accurate 
determination of the mean effective pressure, and there- 
fore of the horse-power of a steam-engine. 

If there were no cut-off, and the engine were worked 
entirely without expansion, the diagram would be a 
rectangle, ABEF (Fig. 3), and the work per square 
inch of piston would be represented by the area of 
the rectangle. 

If, however, steam were cut off at some point C, 
and allowed to expand down to pressure DE^ then the 
work done by the piston per square inch of its area 
would be equal to the area A B CD E, which would be 
equal to M.E.P, into AE, 
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An indicator card is satisfactory in proportion as it 
approaches the theoretical figure shown in Fig. 3, which 
is obtained by first laying off the work of the steam 
up to point of cut-off, and then plotting the expansion 




Fig. 3. 



curve by means of (20 bis.). It is usual in using this 
formula for this purpose to divide the stroke into ten 
equal parts, when : 

10 Z' 



In which s has successive values from the division 
nearest to the point of cut-off to 9. 

The "saturation curve" is now often used as a 
standard of comparison ; but the hyperbolic curve, as 
above, so identified with steam-engineering practice, is 
still an excellent criterion of the performance of the 
engine. 
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The spring of the indicator is so adjusted that the 
lines AB and DE (Fig. 3) represent pounds per square 
inch to a certain scale. 

The mean pressure is obtained from a diagram by 
ascertaining its area in any way, or to any scale, and 
dividing the same by the stroke AE expressed in the 
same scale. The quotient is the mean effective pres- 
sure taken upon the same scale as AB,^ 

In an indicator diagram there is always a base line, 
AB (Fig. 4), traced with the pencil before the steam 



Fig. 4. 

is turned on. This is called the atmospheric line, and 
in a non-condensing-engine the diagram lies entirely 
above it ; but the more perfect the engine, the nearer 
will the return line approach to the atmospheric line. 

In a condensing engine the line of the return stroke, 
/^ (Fig. 4), is always below the atmospheric line AB, 
but can never get down to the zero line, 00, which 
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represents a perfect vacuum, and which is laid off 
= 14.70 lbs. to scale below AB, 

In obtaining mean pressures from a diagram, the 
net area, abcdefg only, is generally taken; whereas in 
obtaining it by calculation from (22) the total area 
above the zero line, 00, is first taken, and then the 
back pressure, equivalent to the space between agf and 
00, deducted from it. This is the only way in which 
the logarithmic formula can be applied. 

The actual diagram shown in full lines (Fig. 4) will 
differ more or less from the theoretical one shown in 
dotted lines. The rounded corners at b and c show 
imperfect action of the valves, as do the sloping lines 
ab and be. The sloping line, be, shows wire drawing. 
The portion de, lying above the theoretical line shows 
re-evaporation or leakage, or both. The rounded corner 
at e shows exhaust opening behind advancing piston ; 
that at f shows incomplete exhaust opening ; that at g 
shows cushioning and compression, which have prac- 
tical advantages, although reducing amount of work. 

Ill a well-constructed engine the back pressure on 
the forward stroke is nearly identical with that of the 
return stroke ; and so the diagram, as produced by an 
indicator placed at one end of the cylinder, may be used 
to determine, with sufficient accuracy in most cases, 
the mean pressure. But in point of fact, a single 
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diagram does not show exactly what is going on in 
the cylinder. To ascertain this, simultaneous diagrams 
must be taken from both ends of the cylinder, and the 
back pressure of one applied to the forward pressure of 
the other, as shown in Fig. 5. The true area repre- 
senting total pressure is obtained by taking the whole 
area, abcde^ over the zero line 00 (Fig. 6), and then 
deducting the back pressure, afdge^ against which it 




Fig, 5. 



was working. The diagram thus prepared also shows 
the relation between the forward and back pressures 
at any point of the stroke. Thus, at the point d the 
forward and back pressures are equal. From d on to 
the end of the stroke, the back exceeds the forward 
pressure, and the piston is carried on by the momen- 
tum of the moving parts, or by some other means. 
An interesting diagram can be constructed, as shown 
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in Fig. 6, by setting up ordinates from a line, ABy 
making them equal to the corresponding ordinates on 
Fig. 5, measured above the line of back pressure ; that 
is, representing the projection of the line of back pres- 
sure by the straight line AB. (See "The Steam En- 
gine," by G. C. V. Holmes.) 

The points to be aimed at in an engine, and the 
approaches to which are exhibited by the indicator card, 
are : a quick and wide action of the valves, getting full 




pressure behind the piston as rapidly as possible, and 
maintaining the same intact up to the point of cut-off, 
when the admission should be instantly and completely 
arrested. The exhaust should also be free and rapid 
in front of the advancing piston, with a proper degree 
of cushioning, however, to bring the piston gradually to 
rest, and fill the clearances with compressed steam. This 
perfect action can never be realized with the slide-valve, 



42 ARITHMETIC OF THE STEAM-ENGINE. 

but is very closely approached by valves of the Corliss 
type. The great practical advantages of the slide-valve, 
however, give it the preference in many cases. 

THE COMPOUND ENGINE. 

Carnot's law already referred to shows that the effi- 
ciency of a heat-engine depends exclusively upon the 
difference of temperatures of the heat received and re- 
jected ; that is to say, as regards the steam-engine, the 
difference between the temperature of the steam in the 
boiler and that of the hot well. The lowest practical 
temperature of the latter is nearly a fixed quantity, and 
may be stated as 100°, corresponding to a pressure of 
about 1 lb. But to fulfill Carnot's law, the steam should 
be expanded in the cylinder down to the temperature 
of the hot well, which is impossible. Practically, steam 
cannot be expanded in a cylinder below 8 lbs., corre- 
sponding to a temperature of about 183° ; and this is the 
temperature at which the steam-engine actually rejects 
its heat. The temperature at which it receives the steam, 
or the boiler pressure, is also confined to a practical 
limit, but less rigorously ; and improvement in the effi- 
ciency of the steam-engine lies in the direction of facil- 
itating the production and utilization of steam at higher 
and higher pressures. This leads to the use of the com- 
pound or multi-cylinder engine. 
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In order to approach as nearly as possible to the 
perfect heat engine, the maximum of expansion is neces- 
sary. But there are very narrow practical limits to the 
degree of expansion possible in a single cylinder, owing 
to the phenomena of cylinder condensation and re-evap- 
oration, as well as the bad results of great variation of 
initial and terminal pressures in a single cylinder. Five 
expansions are as many as can be advantageously real- 
ized in a single cylinder, corresponding to a cut-off of 
one-fifth. If, therefore, the steam be expanded down 
to say 10 lbs., the maximum economical initial pressure 
will be 60 lbs. absolute, or 35 "by the gauge." 

If it be desired to develop 10 expansions, correspond- 
ing to 100 lbs. initial pressure, a two-cylinder engine 
would be necessary ; if 15 expansions, with 150 lbs. 
initial pressure, a triple expansion or three-cylinder en- 
gine would be needed ; while 20 expansions, from 200 
lbs. initial pressure down to 10 lbs. terminal pressure, 
requires a quadruple or four-cylinder engine, which rep- 
resents the highest type of perfect steam-engine as yet 
realized. The above are round numbers, but they closely 
agree with actual practice. 

The cardinal points in economical steam engineering 
are, to increase initial pressure, and, by steam-jacketing, 
to endeavor to "keep the cylinder as hot as the steam 
that enters it." This is for the engine; good boiler 
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practice involves the greatest evaporative power per 
pound of coal in the production of dry high pressure 
steam. All these refinements increase the cost of en- 
gine and boiler, as well as that of running and mainte- 
nance, so that the question of relative economy turns on 
the price of a ton of coal, as against cost and care of 
engine and boiler. The highest type of quadruple-ex- 
pansion engine consumes about half the steam — or in 
other words, fuel — required by the best single-cylinder 
type of the same power. The first cost of the former 
would probably be more than double that of the latter. 
The point of cut-off and rate of expansion in a com- 
pound engine are determined by the following consider- 
ations : If steam were admitted full stroke in the small 
or high-pressure cylinder, and allowed to expand in the 
large or low-pressure one, the rate of expansion, or num- 
ber of expansions, would be the quotient of the volume 
of the large, divided by that of the small, cylinder. If, 
however, as is usually the case, the steam is cut off in 
the high-pressure cylinder at some fraction of its stroke, 
then the rate of expansion is the quotient obtained by 
dividing the total cylinder volume in which the steam 
is expanded by the volume of high-pressure cylinder to 
the point of cut-off. In a close calculation, all the clear- 
ance spaces, receiver capacity, etc., must be considered, 
and the volumes and pressures of the steam followed step 
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by step from admission to exhaust. For ordinary ap- 
proximate calculations, however, the rate of expansion is 
taken as the quotient of the volume of large cylinder 
divided by that of small one, up to point of cut-off, 
neglecting clearance. We have, therefore : 

R = —R\ (29) 

In which R = rate of expansion or number of expan- 
sions of compound engine ; V = volume (or square of 
diameter) of low-pressure cylinder ; F' = volume (or 
square of diameter) of high-pressure cylinder, and /?' = 
rate of expansion, or number of expansions in high-pres- 
sure cylinder. 

The total expansion can be determined by dividing 
the initial absolute pressure by the final (21), when these 
two pressures are known or assumed ; and the proper 
point of cut-off, if any, in the high-pressure cylinder 
can then be determined by (29). 

Example 26. — Ratio of diameters of two-cylinder en- 
gine 1.75 to 1. Initial and terminal pressures, absolute, 
90 and 10. Where is steam cut-off in high-pressure 
cylinder ? 

Here 90 

10 



46 ARITHMETIC OF THE STEAM-ENGINE, 



= (if)V. 



9 

3 

Hence, cut-off occurs at one-third stroke. 

In designing a compound engine, the initial and ter- 
minal pressures being assumed, the low-pressure cylinder 
is first considered, and the whole work and expansion is 
supposed to be carried on in that cylinder alone, and its 
dimensions proportioned accordingly. The high-pres- 
sure cylinder, with point of cut-off, is then dimensioned. 
That is to say, assuming initial and terminal pressures, 
back pressure, and number of strokes per minute, the 
dimensions of a single cylinder (the low-pressure) are 
first determined, which would furnish the desired power ; 
and then the second, or high-pressure cylinder, is so pro- 
portioned as to effect a proper steam distribution. 

Example 27. — I have a single-cylinder condensing- 
englne, piston 30 in. diameter, and 40 in. stroke. 
Initial and terminal pressures, 50 and 10 lbs. absolute. 
Back pressure, 2 lbs. Number of revolutions, 80 per 
minute. Neglecting clearance, the M, E. F. is, by (22), 
= 24 lbs., and the horse-power, therefore, 276. 

Now, I wish to reduce the amount of fuel consumed, 
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keeping the horse-power the same. This I propose to 
do by converting my single-cylinder into a tandem com- 
pound engine, adding for this purpose another high- 
pressure cylinder, and using steam at 100 lbs. initial 
pressure, the terminal and back pressures remaining the 
same. 

Neglecting clearance, the number of expansions will 
be 10, and the mean effective pressure 31 lbs. 

The previous mean pressure was 24 lbs. ; therefore, 
to maintain the same power as before, and averaging 
the whole work as if done in the low-pressure cylinder 
alone, the number of revolutions must be reduced in 
the proportion of §t, or from 80 to 62 per minute. Since, 
as we have already seen, it requires but little more fuel 
to maintain steam at a high pressure than at a low 
one, we see that .the saving of fuel will be, roughly, in 
the same proportion. But the question of economy will 
be reverted to later on. 

As regards dimensions and point of cut-off of the 
added high-pressure cylinder, the stroke must of course 
remain the same. A common ratio of diameters is one- 
half. Then, by (29), the number of expansions being 
W- = 10, the rate of expansion in high-pressure cylin- 
der is : 

10 10 
2« 4 
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and the point of cut-off, being the reciprocal of the 
rate of expansion, occurs at 0.40 stroke, or 16 inches. 

The relative volumes of steam consumed by the two 
engines, and their consequent relative economy of fuel, 
may be computed as per Example 25 ; but this is not 
necessary, nor would it be practically the most correct 
way. We know by precedent that the average consump- 
tion of water per hour per horse-power would be in 
the one case about 25 lbs. and in the other about 18 
lbs. In 24 hours, therefore, the single-cylinder engine 
would consume 165,600 lbs. of water in the form of 
steam, and the compound 119,232 lbs. If the boilers 
evaporated 10 lbs. water, per pound of coal, the respec- 
tive coal consumptions would be 8.25 tons and 6 tons 
per 24 hours, the saving being 2j tons per day. 

Incidentally there would be a reduced amount of 
condensing water required ; and if the same boilers 
were found able to produce steam at the higher tem- 
peratures, the boiler capacity would be increased, since 
a smaller volume of steam at higher pressure would be 
required. 

Compound engines are of two types, the tandem, with 
one cylinder directly in line with the other, the two. 
pistons being upon the same rod; and the cross-com- 
pound, with the cylinders placed side by side. 

In the tandem type, the pistons commence and end 
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their strokes simultaneously. This type is adapted to 
cases where there is only one crank; if there are two 
cranks, there must be a separate engine for each, with 
high- and low-pressure cylinders, making four in all. 
The tandem type is well adapted to direct-acting en- 
gines, even when triple expansion is J^racticed. In this 
case the low-pressure cylinder is sometimes placed be- 
tween the high and intermediate one. The construction 
of this type is very simple, and it admits of easily trans- 
forming a single-cylinder into a compound engine. It 
presents the disadvantage of long steam passages on 
the high-pressure cylinder, owing to the ' necessity of 
placing the valve-rod of both cylinders in the same 
straight line. These long passages increase the clear- 
ance spaces. 

The cross-compound type is suited to cases where 
two cranks are used, set at right angles to each other. 
Each piston drives its own crank, the two pistons re- 
ceiving steam on opposite faces. Therefore, when the 
high-pressure piston is at the commencement or end of 
its stroke, the low-pressure one is at half-stroke, and 
consequently not ready to receive the exhaust steam 
from the high-pressure cylinder. The latter exhausts 
therefore into a receiver, where it is held in reserve 
until the low-pressure piston reaches the end of its 
stroke. It is then allowed to escape from the receiver. 
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and act upon the low-pressure piston. Generally, how- 
ever, it is found that sufficient reserve space is afforded 
by the exhaust pipe of the high- and the valve chest 
of the low-pressure cylinder, so that no special recep- 
tacle is needed. 

In the triple expansion, if of the cross-compound 
type, the cranks are placed at 120*^ to each other, which 
gives increased regularity of stress. 

It may be here remarked that even a tandem com- 
pound, acting on a single crank, gives a smaller range 
of stress on the crank-pin than a single cylinder, the 
initial stress being less and the terminal greater in the 
former than in the latter, owing to the difiference of 
diameter of the two cylinders. 

The range of temperature is less in the high-pressure 
cylinder of a cross-compound engine than in that of a 
tandem. 

Upon the whole, the cross-compound seems to be 
the more perfect, and the tandem the simpler form of 
the compound engine. 

The extraordinary economy of some highly refined 
types of modern engines, when running at their maxi- 
mum speed in a duty trial, cannot be realized in the 
every-day working of the same engines, when running 
at varying speeds under average conditions. It may be 
broadly asserted that the high-water mark of steam- 
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engineering is reached when a steam plant, running as 
above, under daily actual use, realizes as to the engine, 
one horse-power per 20 lbs. of water evaporated per 
hour, and as to the boiler, an evaporation of 10 lbs. water 
per lb. of good coal. The combination of such a boiler 
and engine results in a consumption of 2 lbs. coal 
per hour per horse-power; and this represents* the best 
economy that can be expected, year in and out, from a 
steam-plant under ordinary circumstances. 

WORK. 

In what precedes we have studied the action of the 
steam-engine within itself, from the boiler to the shaft. 
Broadly stated, the object of the steam-engine is to 
utilize the heat which it receives, for the purpose of 
moving objects which would otherwise remain station- 
ary, such as raising coal from a mine or water from a 
well, or transporting freight from one place to another, 
or doing any other useful service involving the per- 
formance of what is called ^^Work!' 

It is now in order to ascertain how the amount of 
such useful work can be calculated, and the first thing 
to do will be to get a clear idea of what " Work " is. 

By definition. Work is weight into distance, irre- 
spective of time. It is expressed in foot pounds. 
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It is found, both by theory and experiment, that 
exactly as much work is required to move a resistance 
of 33,000 lbs. a distance of 1 foot as to move a resist- 
ance of 1 lb. a distance of 33,000 feet, the amount of 
foot-pounds being the same in either case. 

If, therefore, one force, weight, or resistance, P, 
moves or is moved a distance, d^ the work performed 
by or on it is exactly equal to that performed by or 
on another force, weight, or resistance, P\ moving or 
moved a distance, d\ provided the product, Pdy is equal 
to the product P'd', 

But in order to apply practically this property of 
work, it is necessary to stipulate also that the work in 
both cases must be performed in equaly although not 
necessarily stated^ times. With *this proviso we can 
write the formula: 

Fd^P'd'. (30) 

This is the expression of the equality of work simul- 
taneously performed, the most important, indeed, the 
fundamental, principle of the mechanics of the steam- 
. engine. 

Although the force of an engine is always expressed 
in horse-power, there are many problems which can be 
more readily solved by recourse to the above principle 
of work. The force which an engine can exercise is 
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expressed by the mean effective pressure in pounds 
upon the piston into the distance travelled by the piston 
during one revolution. This can be equated with the 
weight raised, or resistance moved, in foot-pounds, also 
during one revolution. 

Example 27. — The following data belong to a loco- 
motive on an elevated railroad. 

Circumference of driving-wheels . . 11 ft. 

Joint area of both pistons .... 190 sq. in. 

Length of double stroke .... 2f ft. 
Weight of train, including engine 

and tender 140,000 lbs. 

Total train-resistance to traction at 

given speed 1,000 lbs. 

What is the mean effective pressure, Py per square 
inch of pistons theoretically necessary to maintain a 
steady speed at given rate against train resistance on 
the level .^ 

Here the work to be done during one revolution is 
the overcoming of the resistance of 1,000 lbs. applied 
to the circumference of the drivers, and which may be 
considered as concentrated upon a single driver. The 
pressure theoretically necessary to overcome this, and 
maintain the exact speed which produces the given re- 
sistance, is the total pressure upon both pistons into the 
length of a double stroke. 
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/> X - X 190 = 1000 X 11. 
3 

/'= 21.71 lbs. persq. in. 

If, instead of being on the level, the track had a 
grade of yj^, the pressure must be sufficient not only 
to overcome train resistance, but also to lift the whole 
train bodily 0.11 ft. at each revolution. Then the total 
pressure, F y would be : 

/^' X f X 190 = 1000 X 11 + 140000 X 0.11. 
F' = 52.10 lbs. per sq. in. 

Example 28. — A pumping-engine has a piston of 
200 sq. ins. area, the mean effective pressure being 30 
lbs., and the length of double stroke 4 feet. Its ele- 
ments are such that at every revolution it raises the 
water lifted 60 feet high. Neglecting all other resist- 
ances, what weight of water will be raised each revo- 
lution.^ 

60^=30X200X4; 

^=400 lbs. 

In applying all such calculations to practical prob- 
lems, three points must be carefully borne in mind : 
First, that our equations express an exact equilibrium 
or balance of force and resistance, whereas to produce 
motion a slight excess of force over resistance is neces- 
sary. Secondly, the resistance of useful work only is 



STEAM, 66 

considered, whereas a considerable amount of force is 
necessary to move the machine itself, all of which is 
loss as far as useful work is concerned. Thirdly, only 
the force necessary to maintain motion is shown by 
the equation, whereas a considerable excess would be 
necessary to overcome the inertia of the machine and 
other resistances on starting. This is a most important 
point, and shows that, just as a certain amount of heat 
is absorbed or rendered latent in effecting the change 
of state from water to steam, so a certain amount of 
force is absorbed or rendered latent in effecting a 
change of state from rest to motion. 

In (30) equality of work has been expressed in terms 
of weight and distance in the unit of time. It is evi- 
dent that it might be also expressed in mean velocity, 
which is merely distance divided by time. When thus 
expressed, the formula of work becomes that of virtual 

VELOCITY. 

If a body of weight, P, moves with a mean velocity, 
V'^y and another body, P\ moves with a mean velocity, 
V'^y then the equation of equivalent virtual velocities 
obtains when : 

pym^pf yfm^ (31) 

Example 29.^ — A force, weight, or resistance, P = 
1,000 lbs., is moving with a steady velocity of 20 ft. per 
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second. What force, weight, or resistance, P\ moving 
with a steady velocity of 30 ft. per second, is its equiva- 
lent } 

1000 X 20 
P' = — — — = 666f lbs. 
30 

The engineering unit of virtual velocity is the horse- 
power, which is 33,000 ft. pds. per minute, or 550 ft. 
pds. per second. 

The formula for the reduction of virtual velocity to 
horse-power is, therefore, 

Fd 



H. p. = 



33000 tn 
Fd 



or : H. p. = 



550 J 



In which m = number of minutes and s = number of 
seconds in which the given foot pounds, Pd^ are devel- 
oped. 

Example 30. — If in Example 27 the driving-wheels 
make 2 revolutions per second, what is the theoretical 
horse-power developed on the level, and what on the 
grade f 

On the level : 

1000 X 11 X 2 ^^ 

H. p. = = 40. 

550 
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On the grade : 

22000 + 140000 X 0.22 

H. p. = — = 96. 

550 

Example 31. — 1,000,000 lbs. are raised 100 ft. high 
in 3 minutes. What horse-power does this represent t 



1000000X100 ,,,,,^ 

H. p. = = 1010.10. 

33000 X 3 



When the work performed upon a heavy body is just 
sufficient to produce motion, as in the case of a weight 
slowly raised by means of a winch, we may consider that 
the work is expended as fast as it is produced ; and when 
the force is withdrawn, motion will immediately cease. 
When, however, as in the case of a rapidly revolving 
fly-wheel, much more energy is put in it than that just 
sufficient to produce motion, — in this case, that just 
sufficient to turn the wheel over — the excess takes 
the form of velocity, and is stored in the moving mass. 
If the force were withdrawn, the body would continue 
its motion, expending its stored energy in performing 
work against any force which tended to retard it, until it 
finally came to rest. Such cases give rise to problems 
in Momentum and Vis Viva. 

The principles upon which these expressions of energy 
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depend are based upon the laws of Falling Bodies, 
which we will now proceed to study. 



FALLING BODIES. 

The properties of heavy bodies falling freely under 
the action of terrestrial gravitation, as determined by 
actual experiment, are expressed as follows : 



v=gt 


= 32/ 


(approximately). 


(32) 


V = yj'lgh 


= 8V^ 


(approximately). 


(33) 


2^ 


"64 


(approximately). 


(34) 


2 


= 16/» 


(approximately). 


(36) 


V 

g 


= 0.03 V 


' (approximately). 


(36) 




4 


(approximately). 


(37) 



In which v = velocity in feet per second, at a given in- 
stant ; t = corresponding time of fall, in seconds ; h = 
corresponding height of fall, or distance fallen through ; 
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g = acceleration due to gravity in feet per second, per 
second, = 32.2. In most cases the approximate values 
above given suffice. 

If the falling body has an initial velocity, z/', then : 

v = v'+gt. (38) 

h^v't^-^—. (39) 

2 
From (38) and (39) : 

V = yJv'^-\-2gh, (40) 

Example 32. — A stone dropped into a well is heard 
to strike the water after an interval of 3 seconds. What 
is distance to surface of water t From (35) : 

->5 = 16 X 9 = 144 feet 

Example 33. — A bullet is fired vertically upward, and 
reaches a height of 961 feet. With what velocity did it 
leave the muzzle of the gun } and how long will it take 
to reach the ground, after it commences to fall.? From 
(33) and (37) : 

z/ = 8 ^961 = 248 ft. per second ; 
/ = ^^^^ = 7.75 seconds. 
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Example 34, — A ball is thrown vertically upward, 
and caught again by the thrower. It occupies 5 seconds 
from the time of leaving his hand to the time of reaching 
it again. How high did it rise } From (36) : 

^ = 16 X /'-Y = 100 feet. 



©■- 



In all practical applications of the above formulae, 
the resistance of the air greatly modifies the results, 
particularly in high falls. 

Example 35. — A bullet is shot vertically downward 
from a height of 961 ft., leaving the muzzle of the gun 
with an initial velocity of 1000 ft. per second. With 
what velocity will it strike the ground .^ From (40) : 

V = VlOOOOOO + 61504 = 1030 ft. per second, per second. 

The above formulae apply especially to bodies falling 
vertically downward under the action of terrestrial gravi- 
tation, the acceleration due to which is 32.2 ft. per sec- 
ond, per second. They apply also to any heavy body 
urged freely in any direction by a constant force, acting 
in such direction, of which the coefficient of acceleration 
is a. All of the formulae from (32) to (40) can there- 
ifore be generalized by substituting a for g. 
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0:ie of the most important laws of dynamics is that 
constant or uniform forces, acting freely upon heavy 
bodies, impart to such bodies accelerations proportional 
to the intensities of the forces themselves. This law 
enables us to use terrestrial gravitation as a standard 
by which to measure the intensity of other forces, mov- 
ing in any direction, under the influence of any other 
acceleration, a. 

The law is thus expressed : 

F W 

_ = — . (41) 

« g 

In which F = any uniform force in lbs. ; a = its accel- 
eration in feet per second, per second, or the velocity 
imparted at the end of the first second ; W = weight in 
lbs. of any heavy body freely acted upon by terrestrial 
gravitation, the coefficient of acceleration of which is 
g = 32.2. 

We have already seen that (32) may be generalized, 
thus : V = at. From this we deduce, a = v j t. Sub- 
stituting this value of a, in (41), gives : 

WV 
Ft = — — . (42) 

g 

This is the formula of Momentum. Momentum, or 
"Quantity of Motion," is weight into time, and is ex- 
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pressed in second-pounds. The right-hand member of 
(42) shows that the momentum of a body moving with 
the velocity, V, is equal to its weight, Wy into the time 
during which it would have to fall under the influence 
of gravity in order to acquire that velocity. Momentum 
represents the stored or acquired energy of weight act- 
ing through time. 

Example 36. — A detached railway car of W = 
10,000 lbs. is running away on a level track, with an 
initial velocity of 20 ft. per second. The train resis- 
tance is 30 lbs. per ton, or a total of 150 lbs. In how 
many seconds will it come to rest } 

10000X20 

150 / = . 

32 

/ = 41f seconds. ' 

Example 37. — Two weights, W = 100 lbs. and W 
= 90 lbs., are suspended from the ends of a flexible 
cord, passing over a smoothly running pulley. The 
heavier weight will naturally descend, raising the lighter 
one, but not with as great velocity as if falling freely. 
What velocity will it have acquired at the end of 2 sec- 
onds, from rest .^ 

To solve this problem, deduce the value of V from 
(42), thus : 
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^-^ w • 

In the present case, i^ = 10 lbs., the difference of 
the two weights producing motion; and W^=190.1bs., 
the sum of the two weights, which is the total weight 
of the mass set in motion. Hence : 

^^ 10 X 2 X 32 ^ ^^ , 

F= = 3.36 ft. per second. 

190 

The mean velocity of a falling body, or of a body 
moving in any direction, under the influence of a uni- 
formly accelerating force, is equal to half its terminal 
velocity ; and reciprocally, the final velocity is equal to 
twice the mean velocity. 



Example 38. — A weight or resistance, W = 200 
lbs., is moved from rest, and at the end of 3 seconds 
has passed over 60 ft. What uniform force was ex- 
pended in producing this velocity.^ 

Here, the velocity acquired at the end of 3 seconds 
is 60 X 2 = 120 ft. Inserting the data in (42) : 



^ 200 X 120 ^_ „ 

F^ = 250 lbs. 

3X32 
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Again (34) may be generalized thus: 

a = — . 

2h 

Substituting this value of a in (41), we deduce : 

Fh^^—^ (43) 

This is the formula for Vis Viva, or weight into 
distance, expressed in foot pounds. The right-hand side 
of the equation shows that the vis viva of a body mov- 
ing with the velocity, V^ is the product of its weight 
into the distance through which it must fall, under the 
influence of gravity, to acquire such velocity. Vis viva 
represents the stored or acquired energy of weight act- 
ing through distance. 

Example 39. — In Example 36, in what distance 
would the car stop.? From (43) : 

^^^, 10000X400 

150 h = ; 

64 

h = 416f ft. 

Example 40, — Mean diameter of cast-iron fly-wheel 
= 8 ft. Weight of rim = 5,000 lbs. When making 1 
revolution per second, what is its vis viva, or stored 
energy } 
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2 

5000X25.13 ^^^^^ , 

Fh = = 9337 ft. pds. 

64 

If steam were shut off, and a retarding force in the 
shape of a steady pressure, F = 600 lbs., were applied 
to the circumference of a break-drum 2 feet in diam- 
eter, in how many revolutions would the engine stop t 

The circumference of the drum being 6.280 ft., 
there is set up at every revolution a retarding force of 
500 X 6.28 = 3140 ft. pds. The total foot pounds 
stored up in the rim being 49,337, it is clear that we 
require ^g^iW = 15.71 revolutions in order to extin- 
guish them. 

If a weight, W^ falls freely from a known height, //, 
its stored energy at the moment of striking the ground 
is Wh^ and it is not necessary to know its velocity in 
order to calculate that energy. If, however — by means 
of a parachute, for instance — its velocity is rendered 
uniform, we cannot tell what its stored energy is, unless 
we know its velocity of descent. The height of fall in 
this case does not enter into the problem. But should 
its velocity be rendered uniform, or nearly so, by the 
resistance of another weight, W\ — a heavier one, for 
instance, which it raises by means of gearing to a 
lesser height, k\ — its work is independent of its velo- 
city and time of falling, and is, as before, Wh. When 
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motion, however slow, is thus produced, there will still 
be some energy stored in the moving parts. If the mo- 
tion of the descending weight were suddenly arrested, 
its stored energy would be absorbed by the shock; and 
the stored energy of the ascending weight would be 
expended in raising the weight a greater or less dis- 
tance after the descending weight had come to a stop. 

Since the average velocity of a falling body is half 
its terminal velocity, we have : 

W V WV 
* ' 560 2 1100 ' 

which represents the horse-power developed by a falling 
weight, Wy which strikes the ground with the terminal 
velocity, V^ which is also the horse-power necessary to 
raise the weight to the height from which it fell in the 
time occupied in falling. 

To complete our study of the mechanics of the steam- 
engine, we must now consider Centrifugal Force, or 
that with which a body revolving in a circle tends to 
leave its orbit, and escape in the direction of the ra- 
dius. It is expressed in radius-pounds. 

The formula for centrifugal force, of somewhat intri- 
cate demonstration is : 

FR = ; (44) 
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in which R = radius of circle in which rotation takes 
place. This formula much resembles that of vis viva. 
There is also the closely approximate formula: 

WN^D 

F^ -; (45) 

6000 

in which 7^= centrifugal force iu pounds, iV= number 
of revolutions per minute, and D = mean diameter of 
circle of revolution. 

Example 41. — Mean diameter of fly-wheel 30 ft. ; 
weight of rim = 15,718 lbs. ; number of revolutions per 
minute = 17.5. What is bursting or centrifugal force .^ 

2 

^ 15718X17.5X30 ^,^^^ „ 

F^ = 24600 lbs. 

6000 

Example 42. — A locomotive passes around a curve 
of radius 600 ft., at a speed of 30 miles an hour = 44 
ft. per second. Weight upon one pair of driving-wheels 
= 32,000 lbs. With what force does that pair of 
wheels press radially against the rails.? From (44): 

^=^i22^i^^ = 3872 lbs. 
32 X 500 
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TABLE No. 1. 
PROPERTIES OF SATURATED STEAM. 

[From Charles T. Porter's treatise on The Richards Steam-Engine Indicator^ 



Pressure 




Sensible Heat 




Total Heat 


Weight of 


above 


Tempeiiature. 


above 


Latent Heat. 


above 


One Cubic 


zero. 




zero Fahr. 




zero Fahr. 


Foot. 


Lbs. per 
sq. ia. 


Fahr. Deg. 


B.T.U. 


B.T.U. 


B.T.U. 


Lbs. 


1 


102.00 


102.08 


1042.96 


1145.05 


.0030 


2 


126.26 


126.44 


1026.01 


1152.45 


.0058 


3 


141.62 


141.87 


1015.25 


1157.13 


.0086 


4 


153.07 


153.39 


1007.22 


1160.62 


.0112 


5 


162.33 


162.72 


1000.72 


1163.44 


.0137 


6 


170.12 


170.57 


995.24 


1165.82 


.0163 


7 


176.91 


177.42 


990.47 


1167.89 


.0189 


8 


182.91 


183.48 


986.24 


1169.72 


.0214 


9 


188.31 


188.94 


982.43 


1171.37 


.0239 


10 


193.24 


193.91 


978.95 


1172.87 


.0264 


11 


197.76 


198.49 


975.76 


1174.25 


.0289 


12 


201.96 


202.73 


972.80 


1175.53 


.0313 


13 


205.88 


206.70 


970.02 


1176.73 


.0337 


14 


209.66 


210.42 


967.42 


1177.86 


.0362 


15 


213.02 


213.93 


964.97 


1178.91 


.0387 


16 


216.29 


217.25 


962.65 


1179.90 


.0413 


17 


219.41 


220.40 


960.45 


1180.86 


.0437 


18 


222.37 


223.41 


958.34 


1181.76 


.0462 


19 


225.20 


226.28 


956.34 


1182.62 


.0487 


20 


227.91 


229.03 


954.41 


1183.45 


.0511 


21 


230.51 


231.67 


952.57 


1184.24 


.0536 


22 


233.01 


234.21 


950.79 


1185.00 


.0561 


23 


235.43 


236.67 


949.07 


1185.74 


.0585 


24 


237.75 


239.02 


947.42 


1186.46 


.0610 


25 


240.00 


241.31 


945.82 


1187.13 


.0634 


26 


242.17 


243.52 


944.27 


1187.80 


.0658 


27 


244.28 


246.67 


942.77 


1188.44 


.0683 


28 


246.32 


247.74 


941.32 


1189.06 


.0707 


29 


248.31 


249.76 


939.90 


1189.67 


.0731 


30 


250.24 


251.73 


938.92 


1190.26 


.0755 


31 


252.12 


253.64 


937.18 


1190.83 


.0779 


32 


253.95 


255.51 


935.88 


1191.39 


.0803 


33 


255.73 


• 257.32 


934.60 


1191.93 


.0827 


34 


257.47 


259.10 


933.36 


1192.46 


.0851 


35 


259.17 


260.83 


932.15 


1192.98 


.0875 


36 


260.83 


262.52 


930.96 


1193.49 


.0899 


37 


262.45 


264.18 


929.80 


1193.98 


.0922 


38 


264.04 


265.80 


928.67 


1194.47 


.0946 


39 


266.59 


267.38 


927.56 


1194.94 


.0970 


40 


267.12 


268.93 


926.47 


1195.41 


.0994 



72 
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TABLE No. X, — Continued, 



Pressure 




Sensible Heat 




Total Heat 


Weight of 
One Cubic 


above 


Temperature. 


above 


Latent Heat. 


above 


zero. 




zero Fahr. 




zero Fahr. 


Foot. 


Lbs. per 
sq. in. 


Fahr. Deg. 


B.T.U. 


B.T.U. 


B.T.U. 


Lbs. 


41 


268.61 


270.46 


925.40 


1195.86 


.1017 


42 


270.07 


271.95 


924.35 


1196.31 


.1041 


43 


271.50 


273.41 


923.33 


1196.74 


.1064 


44 


272.91 


274.85 


922.32 


1197.17 


.1088 


45 


274.29 


276.26 


921.33 


1197.60 


.1111 


46 


275.65 


277.65 


920.36 


1198.01 


.1134 


47 


276.98 


279.01 


919.40 


1198.42 


.1158 


48 


278.29 


280.35 


918.46 


1198.82 


.1181 


49 


279.58 


281.67 


917.54 


1199.21 


.1204 


50 


280.85 


282.96 


916.63 


1199.60 


.1227 


51 


282.09 


284.24 


915.73 


1199.98 


.1251 


52 


283.32 


285.49 


914.86 


1200.35 


.1274 


53 


284.53 


286.73 


913.98 


1200.72 


.1297 


54 


285.72 


287.95 


913.13 


1201.08 


.1320 


65 


286.89 


289.15 


912.29 


1201.44 


.1343 


56 


288.05 


290.33 


911.46 


1201.79 


.1366 


57 


289.11 


291.50 


910.64 


1202.14 


.1388 


58 


290.31 


292.65 


909.83 


1202.48 


.1411 


59 


291.42 


293.79 


909.03 


1202.82 


.1434 


60 


292.52 


294.91 


908.24 


1203.15 


.1467 


61 


293.59 


296.01 


907.47 


1203.48 


.1479 


62 


294.66 


297.10 


906.70 


1203.81 


.1502 


63 


295.71 


298.18 


905.94 


1204.13 


.1524 


64 


296.75 


298.24 


905.20 


1204.44 


.1547 


65 


297.77 


300.30 


904.46 


1204.76 


.1569 


66 


298.78 


301.33 


903.73 


1205.07 


.1592 


67 


299.78 


302.36 


903.01 


1205.37 


.1614 


68 


300.77 


303.37 


902.29 


1205.67 


.1637 


69 


301.75 


304.38 


901.59 


1205.97 


.1659 


70 


302.71 


305.37 


900.89 


1206.26 


.1681 


71 


303.67 


306.35 


900.21 


1206.56 


.1703 


72 


304.61 


307.32 


899.52 


1206.84 


.1725 


73 


305.56 


308.27 


898.85 


1207.13 


.1748 


74 


306.47 


309.22 


898.18 


1207.41 


.1770 


75 


307.38 


310.16 


897.52 


1207.69 


.1792 


76 


308.29 


311.09 


896.87 


1207.96 


.1814 


77 


309.18 


312.01 


896.23 


1208.24 


.1836 


78 


310.06 


312.92 


895.59 


1208.51 


.1857 


79 


310.94 


313.82 


894.95 


1208.77 


.1879 


80 


311.81 


314.71 


894.33 


1209.04 


.1901 


81 


312.67 


315.59 


893.70 


1209.30 


.1923 


82 


313.52 


316.46 


893.09 


1209.56 


.1945 
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TABLE No. \, — Continued, 



Pressure 


1 


Sensible Heat 




Total Heat 


Weight of 


above 


Temperature. 


above 


Latent Heat. 


above 


One Cubic 


zero. 




zero Fahr. 




zero Fahr. 


Foot. 


Lbs. per 
sq. in. 


Fahr. Deg. 


B.T.U. 


B.T.U. 


B.T.U. 


Lbs. 


83 


314.36 


317.33 


892.48 


1209.82 


.1967 


»4 


315.19 


318.19 


891.88 


1210.07 


.1988 


85 


31G.02 


319.04 


891.28 


1210.32 


.2010 


86 


316.83 


319.88 


890.69 


1210.57 


.2032 


87 


317.65 


320.71 


890.10 


1210.82 


.2053 


88 


318.45 


321.54 


889.52 


1211.0() 


.2075 


89 


319.24 


322.;^ 


888.94 


1211.31 


.2097 


90 


320.03 


323.17 


888.37 


1211.55 


.2118 


91 


320.82 


323.98 


887.80 


1211.79 


.2139 


92 


321.59 


324.78 


887.24 


1212.02 


.2160 


93 


322.36 


325.67 


886.68 


1212.26 


.2182 


94 


323.12 


326.35 


886.13 


1212.49 


.2204 


95 


323.88 


327.13 


885.68 


1212.72 


.2224 


96 


324.63 


327.90 


885.04 


1212.95 


.2245 


97 


325.37 


328.67 


884.50 


1213.18 


.2266 


98 


326.11 


329.43 


883.jy7 


1213.40 


.2288 


99 


326.84 


330.18 


883.44 


1213.62 


.2309 


100 


327.57 


330.93 


882.91 


1213.84 


.2330 


101 


328.29 


331.67 


882.39 


1214.06 


.2351 


102 


329.00 


332.41 


881.87 


1214.28 


.2371 


103 


329.71 


333.14 


881.35 


1214.50 


.2392 


104 


330.41 


333.86 


880.84 


1214.71 


.2413 


105 


331.11 


334.58 


880.34 


1214.92 


.2434 


106 


331.80 


335.30 


879.84 


1216.14 


.2464 


107 


332.49 


336.00 


879.34 


1215.36 


.2475 


108 


333.17 


336.71 


878.84 


1215.65 


.2496 


109 


333.85 


337.41 


878.35 


1215.76 


.2516 


110 


334.52 


338.10 


877.86 


1215.97 


.2537 


111 


335.19 


838.79 


877.37 


1216.17 


.2668 


112 


335.85 


339.47 


876.89 


1216.37 


.2578 


113 


336.51 


340.15 


876.41 


1216.57 


.2699 


114 


337.16 


^40.83 


875.94 


1216.77 


.2619 


115 


337.81 


341.50 


875.47 


1216.97 


.2640 


116 


338.45 


342.16 


875.00 


1217.17 


.2661 


117 


339.10 


342.83 


874.53 


1217.36 


.2681 


118 


339.73 


343.48 


874.07 


1217.56 


.2702 


119 


aiO.36 


344.14 


873.61 


1217.75 


.2722 


120 


»10.99 


344.78 


873.15 


1217.94 


.2742 


121 


341.61 


345.43 


872.70 


1218.13 


.2762 


122 


342.23 


a46.07 


872.25 


1218.32 


.2782 


123 


312.85 


34(k70 


871.80 


1218.51 


.2802 


124 


343.46 


347.34 


871.35 


1218.69 


.2822 
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TABLE No 


1. — Continued, 




Pressure 




Sensible Heat 




Total Heat 


Weight of 


above 


Temperature. 


above 


Latent Heat. 


above 


One Cubic 


zero. 




zero Fahr. 




zero Fahr. 


Foot. 


Lbs. per 
sq. in. 


Fahr. Deg. 


B.T.U. 


B.T.U. 


B.T.U. 


Lbs. 


126 


344.07 


347.97 


870.91 


1218.88 


.2842 


126 


344.67 


348.69 


870.47 


1219.06 


.2862 


127 


346.27 


349.21 


870.03 


1219.25 


.2882 


128 


345.87 


349.83 


869.69 


1219.43 


.2902 


129 


346.46 


350.44 


869.16 


1219.61 


.2922 


130 


347.05 


351.05 


868.73 


1219.79 


.2942 


131 


347.64 


351.66 


868.30 


1219.97 


.2961 


132 


348.22 


352.26 


867.88 


1220.15 


.2981 


133 


348.80 


352.86 


867.46 


1220.32 


.3001 


134 


349.38 


353.46 


867.03 


1220.60 


.3020 


136 


349.95 


364.06 


866.62 


1220.67 


.3040 


136 


350.62 


354.64 


866.20 


1220.85 


.3060 


137 


351.08 


356.23 


866.79 


1221.02 


.3079 


138 


361.76 


355.81 


865.38 


1221.19 


.3099 


139 


352.21 


356.39 


864.97 


1221.36 


.3118 


140 


362.76 


356.96 


864.56 


1221.63 


.3138 


141 


353.31 


357.54 


864.16 


1221.70 


.3168 


142 


353.86 


358.11 


863.76 


1221.87 


.3178 


143 


354.41 


358.67 


863.36 


1222.03 


.3199 


144 


354.96 


359.24 


862.96 


1222.20 


.3219 


146 


355.50 


359.80 


862.56 


1222.36 


.3239 


146 


356.03 


360.86 


862.17 


1222.63 


.3259 


147 


356.67 


360.91 


861.78 


1222.69 


.3279 


148 


367.10 


361.46 


861.39 


1222.85 


.3299 


149 


357.63 


362.01 


861.00 


1223.01 


.3319 


160 


358.16 


362.55 


860.62 


1223.18 


.3340 


161 


358.68 


363.10 


860.23 


1223.33 


.3368 


152 


369.20 


363.64 


859.86 


1223.49 


.3376 


163 


369.72 


364.17 


859.47 


1223.65 


.3394 


164 


360.23 


364.71 


859.10 


1223.81 


.3412 


156 


360.74 


365.24 


858.72 


1223.97 


.3430 


156 


361.26 


365.77 


858.35 


1224.12 


.3448 


167 


361.76 


366.30 


867.98 


1224.28 


.3466 


168 


362.27 


366.82 


857.61 


1224.43 


.3484 


169 


362.77 


367.34 


857.24 


1224.58 


.3502 


160 


363.27 


367.86 


856.87 


1224.74 


.3520 


161 


363.77 


368.38 


856.50 


1224.89 


.3539 


162 


364.27 


368.89 


856.14 


1225.04 


.3558 


163 


364.76 


369.41 


855.78 


1225.19 


.3577 


164 


365.25 


369.92 


855.42 


1225.34 


.3596 


166 


365.74 


370.42 


855.06 


1226.49 


.3614 


166 


366.23 


370.93 


854.70 


1225.(>4 


.3633 


167 


366.71 


371.43 


854.35 


1225.78 


.3652 
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TABLE No. \. — Concluded, 



Pressure 




Sensible Heat 




Total Heat 


Weight of 
One Cubic 


above 


Temperature. 


above 


Latent Heat. 


above 


lero. 




zero Fahr. 




zero Fahr. 


Foot. 


Lbs. per 

sq. in. 


Fahr. Deg. 


B.T.U. 


B.T.U. 


B.T.U. 


Lbs. 


168 


367.19 


371.93 


863.99 


1226.93 


.3671 


169 


367.68 


372.43 


853.64 


1226.08 


.3690 


170 


368.16 


372.93 


863.29 


1226.22 


.3709 


171 


368.63 


373.42 


852.94 


1226.37 


.3727 


172 


369.10 


373.91 


852.59 


1226.61 


.3745 


173 


369.67 


374.30 


852.25 


1226.66 


.3763 


m 


370.04 


374.89 


861.90 


1226.80 


.3781 


176 


370.51 


376.38 


851.66 


1226.94 


.3799 


176 


370.97 


375.86 


851.22 


1227.08 


.3817 


177 


371.44 


376.34 


860.88 


1227.23 


.3835 


178 


371.90 


376.82 


850.64 


1227.37 


.3853 


179 


372.36 


377.30 


850.20 


1227.61 


.3871 


180 


372.82 


377.78 


849.86 


1227.65 


.3889 


181 


373.27 


378.25* 


849.63 


1227.78 


.3907 


182 


373.73 


378.72 


849.20 


1227.92 


.3925 


183 


374.18 


379.19 


848.86 


1228.06 


.3944 


184 


374.63 


379.66 


. 848.63 


1228.20 


.3962 


185 


376.08 


380.13 


848.20 


1228.33 


.3980 


186 


376.52 


380.59 


847.88 


1228.47 


.3999 


187 


375.97 


381.05 


847.65 


1228.61 


.4017 


188 


376.41 


381.51 


847.22 


1228.74 


.4035 


189 


376.85 


381.97 


846.90 


1228.87 


.4053 


190 


377.29 


382.42 


846.68 


1229.01 


.4072 


191 


377.72 


382.88 


846.26 


1229.14 


.4089 


192 


378.16 


383.33 


846.94 


1229.27 


.4107 


193 


378.59 


383.78 


845.62 


1229.41 


.4125 


194 


379.02 


384.23 


846.30 


1229.54 


.4143 


195 


379.45 


384.67 


844.99 


1229.67 


.4160 


196 


379.97 


385.12 


844.68 


1229.80 


.4178 


197 


380.30 


385.66 


844.36 


1229.93 


.4196 


198 


380.72 


386.00 


844.05 


1230.06 


.4214 


199 


• 381.15 


386.44 


813.74 


1230.19 


.4231 


200 


381.67 


386.88 


843.43 


1230.31 


.4249 


201 


381.99 


387.32 


843.12 


1230.44 


.4266 


202 


382.41 


387.76 


842.81 


1230.57 


.4283 


203 


382.82 


388.19 


842.50 


1230.70 


.4300 


204 


383.24 


388.62 


842.20 


1230.82 


.4318 


205 


383.66 


389.06 


841.89 


1230.95 


.4335 


206 


384.06 


389.48 


841.69 


1231.07 


.4352 


207 


384.47 


389.91 


841.29 


1231.20 


.4369 


208 


384.88 


390.33 


840.99 


1231.32 


.4386 


209 


385.28 


3<)0.75 


840.69 


1231.46 


.4403 


210 


385.67 


391.17 


840.39 


1231.67 


.4421 
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TABLE No. 2. — HYPERBOLIC LOGARITHMS. 



Numb. 


Log. 


Numb. 


Log. 


Numb. 


Log. 


Numb. 


Log. 


105 


•049 


2-55 


•936 


1 405 


1-399 


6-55 


1-714 


11 


•095 


2-6 


•956 


\ 41 


1^411 


6-6 


1-723 


1-15 


•140 


2^65 


•975 


4-15 


1;423 


565 


1-732 


1-2 


•182 


2-7 


•993 


42 


1^435 


5^7 


1-740 


1-26 


•223 


2 76 


1012 


4 • 25 


1-447 


5-75 


1-749 


1-3 


•262 


2.8 


1^030 


4-3 


1-459 


6-8 


1-758 


1-35 


•300 


2^85 


1047 


4-35 


1-470 


5-85 


1-766 


1-4 


•33(i 


2-9 


1^065 


4-4 


1-482 


5-9 


1-775 


1-45 


•372 


2^95 


1^082 


4 46 


1^493 


595 


1-783 


1-5 


•405 


30 


1^099 


46 


1-504 


60 


1-792 


1-55 


•438 


3^05 


1-115 


4-56 


1-515 


605 


1-800 


1-6 


•470 


31 


1131 


4-6 


1-626 


6^1 


1-808 


1-65 


•601 


3-15 


1147 


4-65 


1-537 


6 16 


1-816 


1-7 


•531 


3-2 


1-163 


4-7 


1-648 


6-2 


1-824 


1-75 


•660 


3^25 


1179 


4-75 


1-658 


6-25 


1-833 


1-8 


•588 


33 


1-194 


4-8 


1-569 


6-3 


1-841 


1-85 


•615 


335 


1-209 


4-85 


1-579 


6-35 


1-848 


1-9 


•642 


34 


1-224 


4-9 


1-689 


6-4 


1^856 . 


1-95 


•668 


3-45 


1^238 


4-95 


1-599 ' 


6-46 


1^864 


2-0 


•693 


3-5 


1253 


5-0 


1-609 


6-5 


1-872 


2-05 


•718 


3-55 


1-267 


5-05 


1-619 


6-65 


1879 


2-1 


•742 


3-6 


1^281 


51 


1-629 


6-6 


1-887 


2 15 


•765 


3^65 


1-295 


5-15 


1-639 


6-65 


1-895 


2-2 


•788 


3-7 


1-308 


5-2 


1-649 


6-7 


1902 


2-25 


•811 


3-75 


1-322 


5-26 


1-658 


6-76 


1910 


2-3 


•833 


3-8 


1-335 


5-3 


1-668 


6-8 


1-917 


2-35 


•854 


3-85 


1-348 


5-35 


1-677 


6-85 


1-924 


2-4 


•875 


3-9 


1-361 


5-4 


1-686 


6-9 


1-931 


2-46 


•896 


3-i«5 


1-374 


5-46 


1-696 


6-95 


1-939 


2-5 


•916 


40 


1-336 


6-6 


1-705 


7-0 


1-946 
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TABLE No 


2. — HYPERBOLIC LOGARITHMS. - 


— Continued, 


Numb. 


Log. 


Numb. 


Log. 


Numb. 


Log. 


Numb. 


Log. 


7"05 


1-953 


8-06 


2-086 


9-05 


2-203 


15- 


2-708 


7-1 


1-960 


8-1 


2-092 


9-1 


2-208 


20- 


2-996 


7-15 


1-967 


8-15 


2-098 


9-15 


2-214 


25- 


3-219 


7-2 


1-974 


8-2 


2-104 


9-2 


2-219 


30- 


3-401 


7-25 


1 - 981 


8-25 


2-110 


9-25 


2-225 


36- 


3-565 


7-3 


1-988 


8-3 


2-116 


9-3 


2-230 


40- 


3-689 


7-35 


1-995 


8-35 


2 • 122 


9-35 


2 - 2:J6 


45- 


3-807 


7-4 


2-001 


8-4 


2-128 


9-4 


2-241 


60- 


3-912 


7-45 


2-008 


8-45 


2-1.34 


9-45 


2-246 


55- 


4007 


7-5 


2 015 


8-5 


2-140 


9-5 


2-251 


60- 


4-094 


7-55 


2-022 


8-55 


2-146 


9-55 


2-257 


65- 


4-174 


7-6 


2-028 


8-6 


2 • 152 


9-6 


2 - 262 


70- 


4-248 


7-65 


2-a35 


8-65 


2 158 


9-65 


2-267 


75- 


4-317 


7-7 


2-041 


8-7 


2-163 


9-7 


2 272 


80- 


4-382 


7-75 


2-048 


8-75 


2 : 169 


9-75 


2-277 


85- 


4-443 


7.8 


2-054 


8-8 


2-175 


9-8 


2-282 


90- 


4-500 


7-85 


2-061 


8-85 


2-180 


9-85 


2-287 


95- 


4-654 


7-9 


2-067 


8-9 


2-186 


9-9 


2 293 


100- 


4-605 


7-95 


2-073 


8-95 


2 - 192 


9-95 


2-298 


1000 


6-908 


8-0 


2-079 


90 


2-197 


iio-0 


2-303 


10,000 


9-210 
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Maker. 338 illustrations. i2mo. London, 1895. ^3.00 
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Htttton. Steam Boiler Construction: A Practical Handbook for Engir 
neers, Boiler Makers, and Steam Users. With upwards of 300 illustra- 
tions. 2d edition. 8vo. London, 1893. $7.00 

Munro. Steam Boilers : Their Defects, Management, and Construction. 
2d edition enlarged, with numerous illustrations and tables. i2mo. 
London, 1892. $1.50 

Roper. The Steam Boiler: Its Care and Management. With instruc- 
tions for increasing the Efficiency and Economy, and insuring the Dura- 
bility and Longevity of all classes of Steam Boilers, Stationary, Loco- 
motive, Marme, and Portable. With Hints and Suggestions and Advice 
to Engineers, Firemen, and Owners of Steam Boilers. 4th edition, 
revised. i2mo, tuck, mor. Philadelphia, 1890. ;$2.oo 

Use and Abuse of the Steam Boiler. Illustrated, nth edition. 

i2mo, mor. tucks. Philadelphia, 1894. $2.00 

Rose. Steam Boilers. A Practical Treatise on Boiler Construction and 
Examination. For the Use of Practical Boiler Makers, Boiler Users, 
and Inspectors, and embracing in plain figures all the calculations neces- 
sary in designing and classifying Steam Boilers. 73 engravings. 8vo. 
Philadelphia, 1893. $2.50 

Rowan. On Boiler Incrustation and Corrosion. New edition, revised 
and enlarged by F. E. Idell. i6mo, boards. New York, 1895. $0.50 

Sexton. Pocket Book for Boiler Makers and Steam Users, comprising a 
variety of useful information for Employer and Workman, Government 
Inspectors, Board of Trade Surveyors, Engineers in charge of Works 
and Slips, Foremen of Manufactories, and the General Steam-Using 
Public. 3d edition, revised and enlarged. 32mo, roan. London, 1892. 

$2.00 

Stromeyer. Marine Boiler Management and Construction. Being a 
Treatise on Boiler Troubles and Repairs, Corrosions, Fuels, and Heat. 
On the Properties of Iron and Steel, on Boiler Mechanics, Workshop 
Practices, and Boiler Designs. 8vo. London, 1893. $5.00 

Thurston. Manual of Steam Boilers : Their Designs, Construction, and 
Operation For Technical Schools and Engineers. 183 engravings in 
text. 4th edition, 8vo. New York, 1893. $5.00 

Steam Boiler Explosions. In Theory and Practice. Illustrated. 

2d edition, i2mo. New York, 1894. $1.50 

A Handbook of Engine an*l Boiler Trials, and of the Indicator and 

Prony Brake, for Engineers and Technical Schools. 3d edition. Illus- 
trated, 8vo. New York, 1893. $5.00 
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Traill. Boilers: Their Construction and Strength. A Handbook of 
Rules, Formulae, Tables, etc., relative to Material, Scantlings, and Pres- 
sures, Safety Valves, Springs, Fittings and Mountings, etc. For use of 
Engineers, Surveyors, Draughtsmen, Boiler Makers, and Steam Users. 
With illustrations. 3d edition, i2mo, mor. London, 1896. $5.00 

Triplex. Marine Boilers. A Tr jatise on the Causes and Prevention of 
their Priming, with Remarks on their General Management. Illustrated. 
i2mo. Sunderland, 1891. $1.00 

Warn. Sheet-Metal Worker's Instructor: For Zinc,- Sheet Iron, Copper, 
and Tin-Plate workers. Containing Practical and Simple Rules for 
describing the various Patterns required in the different branches of the 
a,bove Trades. To which is added an Appendix, containing Instructions 
for Boiler Making, Mensuration of Surfaces and Solids, Rules for Cal- 
culating the Weights of different Figures of Iron and Steel, Tables of 
the Weights of Iron, Steel, etc. Illustrated by Thirty-two Plates and 
Thirty-seven Wood Engravings. Svo. Philadelphia. $3- 00 

Wilson. A Treatise on Steam Boilers: Their Strength, Construction, 
and Economical Working. Enlarged and illustrated from the Fifth Eng- 
lish edition by J. T. Flather. i2mo. New York, 1893. $2,^0 

Boiler and Factory Chimneys: Their Draught Power and Stability. 

3d edition, i2mo. London, 1892. $1.40 

FUELS. 

Abbott. Treatise on Fuel. Founded on the original Treatise of Sir W. 
Siemens. Illustrated. i6mo. New York, 1891. $0.50 

Barr. Practical Treatise on the Combustion of Coal, including descrip- 
tions of various mechanical devices for the Economic Generation of 
Heat by the Combustion of Fuel, whether Solid, Liquid, or Gaseous. 
Svo. 1879. ^^-5° 

Clark and Williams. Fuel : Its Combustion and Economy, consisting of 
Abridgments of Treatise on the Combustion of Coal and the Economy 
of Fuel. With extensive additions in recent practice in the Combustion 
and Economy of Fuel, Coal, Coke, Wood, Peat, Petroleum, etc. 4th 
edition. i2mo. London, 1891. $i-50 

Hodgetts. Liquid Fuel for Mechanical and Industrial Purposes. Illus- 
trated. Svo. London, 1890. $2.50 

Phillips. Fuels : Solid, Liquid, and Gaseous ; their Analysis and Valua- 
tion. For the use of Chemists and Engineers, i2mo. London, 1S92. 

$0.80 
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Sexton, A. H. Fuels and Refractory Materials. 8vo. Cloth. London, 
1897. $2.00 

Williams. Fuel : Its Combustion and Economy. Consisting of an 
Abridgment of " A Treatise on the Combustion of Coal and the Pre- 
vention of Smoke." With extensive additions by D. Kinnear Clark. 
4th edition. London, 1891. (Weale Series.) $1.40 

GAS ENGINES. 

Clerk. The Theory of the Gas Engine. 2d edition, with Additional 
Matter edited by F. E. Idell. i6mo. New York, 1891. $0.50 

The Gas Engine. History and Practical Working. With 100 illus- 
trations. 6th edition. i2mo. New York, 1896. ^4.00 

Donkin. A Text-Book on Gas, Oil, and Air Engines : or Internal Com- 
bustion Motors without Boiler. 154 illustrations. 8vo. London, 1896. 

Goodeve. On Gas Engines : with Appendix describing a Recent Engine 
with Tube Igniter. i2mo. London, 1895. |5i.oo 

Robinson. Gas and Petroleum Engines. A Practical treatise on the in- 
ternal combustion engine. With numerous illustrations. 8vo. London, 
1890. [Reprinting.] 

HEAT. — THERMODYNAMICS. 

Anderson. On the Conversion of Heat into Work. A Practical Hand- 
book on Heat Engines. 3d edition. Illustrated. i2mo. London, 

1893. $2.21 
Box. Treatise on Heat as Applied to the Useful Arts, for the use of 

Engineers, Architects, etc. 8th edition. i2mo. London, 1895. ^^5.00 
Larden. A School Course on Heat. Ulus. i2mo. London, 1882. $2.00 
McCuUoch. Elementary Treatise on the Mechanical Theory of Heat and 
its application to Air and Steam Engine. 8vo. New York, 1876. JS3.50 
Maxwell. Theory of Heat. New edition, with Corrections and Addi- 
tions by Lord Rayleigh, Sec. R. S. Illustrated. i2mo. New York, 

1894. $1-50 
Peabody. Thermodynamics of the Steam Engine and other Heat En- 
gines. 8vo. New York, 1 890. $500 

Rontgen. The Principles of Thermodynamics. With special Applica- 
tions to Hot Air, Gas, and Steam Engines. With additions from Profes- 
sors Verdet, Zeuner, and Pernolet. Translated, newly and thoroughly 
revised and enlarged by Professor A. Jay Du Bois. 732 pages. 3d edi- 
tion. 8vo. New York, 1889. $5.00 
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Tyndall. Heat considered as a mode of Motion. 6th edition. i2mo. 

New York, 1890. ^^2.50 

Williams. On Heat and Steam : embracing New Views of Evaporization, 

Condensation, and Expansion. Illus. 8vo. Philadelphia, 1882. $2.50 
Wood. Thermodynamics, Heat Motors, and Refrigerating Machines. 

Revised and enlarged edition. 8vo. New York, 1895. JP4.00 

HOISTING MACHINERY. 

Colyer. Hydraulic, Steam and Hand Power-Lifting and Pressing Ma- 
chinery. 72 large plates. 8vo. London, 1881. JJ>5.oo 

Glynn. Treatise on the Construction of Cranes and other Hoisting Ma- 
chinery. 7th edition. Illustrated. London, 1887. ^.60 

Marks. Notes on the Construction of Cranes and Lifting Machinery. 
i2mo. London, 1892. jj^i.oo 

Towne. A Treatise on Cranes, descriptive particularly of those designed 
and built by the Yale and Towne Manufacturing Company, owning and 
operating the Western Crane Company , including also a description of 
light hoisting machinery as built by the same makers. 8vo. New York, 
1883. $1.00 

Weisbach and Hermann. The Mechanics of Hoisting Machinery, in- 
cluding Accumulators, Excavators, and Pile-drivers. A Text-book for 
Technical Schools and a guide for Practical Engineers. Authorized trans- 
lation from the second German edition by Karl P. Dahlstrom. 177 illus- 
trations. 8vo. New York, 1893. $3-75 

ICE-MAKING MACHINES. 

Dixon. Manual of Ice-Making and Refrigerating Machines. A Treatise 
on the Theory and Practice of Cold-Production by Mechanical Means. 
i6mo. St Louis, 1894. $1.00 

Leask. Refrigerating Machinery. Its Principles and Management. 
With numerous illustrations. 8vo. London, 1894. -$2.00 

Ledoux. Ice-Making Machines : the Theory of the Action of the Various 
Forms of Cold-producing or so-called Ice-Machines. Translated from 
the French. 248 pages and numerous tables. i6mo. New York, 1892. 

^.50 

Redwood. Theoretical and Practical Ammonia Refrigeration. A Prac- 
tical handbook for the use of those in charge of refrigerating plants. . 
Illustrated with numerous Tables. i2mo. New York, 1895. $1.00 

Wallis-Tayler. Refrigerating and Ice-Making Machinery. i2mo, cloth. 
Illustrated. London, 1893. $3-oo 
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INDICATORS. 

Bacon. Treatise on the Richards Steam Engine Indicator. With a 
Supplement, describing the latest Improvements in the Instruments for 
Taking, Measuring, and Computing Diagrams. Also an Appendix, con- 
taining Useful Formulas and Rules for Engineers. 23 diagrams. 4th 
edition. i6mo, flex. New York, 1883. $1.00 

EHison. Practical Applications of the Indicator. With reference to the 
Adjustment of Valve Gear on all Styles of Engines. 2d edition. 8vo. 
100 engravings. Chicago, 1897. $2.00 

Hemenway. Indicator Practice and Steam Engine Economy. With 
Plain Directions for Attaching the Indicator, Taking Diagrams, Comput- 
ing the Horse-Power, Drawing the Theoretical Curve, Calculating Steam 
Consumption, Determining Economy, Locating Derangement of Valves, 
and making all desired deductions ; also, Tables required in making the 
necessary computations, and an Outline of Current Practice in Testing 
Steam Engines and Boilers. 6th edition. i2mo. New York, 1894. 

j>2.oo 

Le Van. The Steam Engine Indicator and its Use. A Guide to Practi- 
cal Working Engineers for greater economy, and the better Working of 
Steam Engines. i8mo, boards. New York, 1890. 1^0.50 

The Steam Engine and the Indicator : Their Origin and Progressive 

Development, including the most recent examples of Steam and Gas 
Motors, together with the Indicator, its Principles, its Utility, and its Ap- 
plication. Illustrated by 205 engravings, chiefly of Indicator-cards. 8vo. 
Philadelphia, 1895. JP4.00 

Porter. A Treatise on the Richards Steam Engine Indicator, and the 
Development and Application of Force in the Steam Engine. 5th edi- 
tion, revised and enlarged. 8vo. London, 1894. j?3.oo 

Pray; Twenty Years with the Indicator. Being a Practical Text book 
for the Engineer or the Student, with no Complex Formulae. With 
many illustrations and rules as to the best way to run any Steam Engine 
to get the most economical results. How to Adjust Valves and Valve 
Motions Correctly. Full directions for working out Horse-Power, the 
Amount of Steam or Water per Horse-Power, Economy and Fuel. Ex- 
tended directions for Attaching the Indicator, what Motions to use and 
those not to use. Full directions for Computation of Power by Planim- 
eter and other methods, with many tables and hints. 8vo. New York, 
1894. ^^2.50 
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INJECTORS. 

Kneass. Practice and Theory of the Injector. 8vo. New York, 1895. 

Nissenson. Practical Treatise on Injectors as Feeders of Steam Boilers, 
Illustrated. Svo, paper. New York, 1890. $0.50 

Pochet. Steam Injectors : Their Theory and Use. i6mo, boards. New 
York, 1890. $0.50 

INSTRUCTIONS TO ENGINEERS, FIREMEN, 
AND BOILER ATTENDANTS. 

Bale. A Hand-Book for Steam Users, being Rules for Engine Drivers 
and Boiler Attendants, with Notes on Steam Engine and Boiler Manage- 
ment and Steam Boiler Explosions. i2mo. London, 1890. iJb.So 

Edwards. 900 Examination Questions and Answers for Engineers and 
Firemen (Stationary and Marine), who desire to obtain a U. S. Govern- 
ment or State License. A new, revised, and enlarged edition. 32mo, 
mor. Philadelphia, 1895. $\>10 

Grimshaw. Steam Engine Catechism. A Series of Direct Practical 
Answers to Direct Practical Questions. Mainly intended for Young En- 
gineers. i8mo. New York, 1893. $2.00 

Grimshaw. The Engine Runner's Catechism. Telling how to Erect, 
Adjust, and Run the principal Steam Engines in use in the United States. 
Illustrated. 18 mo. New York, 1891. $2.00 

Hawkins. Maxims and Instructions for the Boiler Room. Useful to 
Engineers, Firemen, and Mechanics, relating to Steam Generators, Pumps, 
Appliances, Steam Heating, Practical Plumbing, etc. 184 illustrations. 
8vo. New York, 1892. $2.50 

Aids to Engineers' Examinations. Prepared for Applicants of all 

Grades with Questions a»id Answers. A Summary of the Principles and 
Practice of Steam Engineering. i2mo, leather, gilt edge. New York, 
1894. $2.00 

Reynolds. The Engineman's Pocket Companion and Practical Educator 
for Engineman, Boiler Attendants, and Mechanics. Illustrated. i6mo, 
London, 1886. $1.40 

Roper. Instructions and Suggestions for Engineers and Firemen who 
wish to Procure a License, Certificate, or Permit to take charge of any 
class of Steam Engines or Boilers, Stationary, Locomotive, and Marine. 
i8mo, mor. Philadelphia, 1S94. %2,qo 
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Questions and Answers for Engineers. This little book contains all 

the questions that Engineers will be asked when undergoing an exami- 
nation for the purpose of procuring licenses, and they are so plain that 
any Engineer or Fireman of ordinary intelligence may commit them to 
memory in a short time. 5th edition. iSmo, mor. Philadelphia. $3.00 

Stephenson. Illustrated Practical Test Examination and Ready Refer- 
ence Book for Stationary, Locomotive, and Marine Engineers, Firemen, 
Electricians, and Machinists, to procure Steam Engineer's license. i6mo, 
Chicago, 1892. $1.00 

Stromberg. Steam User's Guide and Instructor. Plain and Correct Ex- 
planations in regard to Engines, Pumps, Dynamos, and Electricity. Prac- 
tically, so that Engineers, Machinists, Firemen, and Electricians of Lim- 
ited Education can understand and become expert practical engineers. 
i6mo. St. Louis, 1894. $1.50 

Watson. Eow to Run Engines and Boilers. Practical Instruction for 
Young Engineers and Steam Users. 2d edition. Illustrated. i6mo. 
New York, 1894. $1.00 

Zwlcker. Practical Instructor in questions and answers for Machinists, 
Firemen, Electricians, and Steam Engineers. 24mo. St. Louis, Mo., 
1889. $1.00 

LOCOMOTIVE ENGINEERING. 

Grimshaw. Locomotive Catechism. Containing nearly 1,300 Questions 
and Answers Concerning Designing and Constructing, Repairing and 
Running Various Kinds of Locomotive Engines. Intended as Exami- 
nation Questions and to Post and Remind the Engine Runner, Fireman, 
or Learner. 1 76 illustrations. 1 2mo. New York. $2.00 

Hill. Progressive Examinations of Locomotive Engineers and Firemen. 
i6mo. New York, 1891. $0.50 

Hoxsie. Pocket Companion for Locomotive Engineers and Firemen : Con- 
taining General Rules and Suggestions for the Management of an Engine 
under all circumstances. 5th edition. i6mo. Albany, 1876. $1.50 

Hughes. Construction of the Modem Locomotive. 8vo. Illustrations 
and folding plates. New York, 1894. $3.50 

Meyer. Modern Locomotive Construction. 1,030 illustrations. 4to. New 
York, 1892. $10.00 

Phelan. Air Brake Practice, being a description of t!ie construction, ob- 
jects sought, and results obtained, by the Westinghouse automatic air 
brake, as well as complete directions for operating it under the many 
diverse conditions in daily practice. 3 large folding plates. 1 2mo. New 
York, 1890. $1.00 
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Reagan. Locomotive Mechanism and Engineering. i2mo, with 145 il- 
lustrations. New York, 1896. $2,00 

Reynolds. Locomotive Engine Driving. A Practical Manual for Engi- 
neers in charge of Locomotive Engines. 8th edition, enlarged. i2mo. 
London, 1888. %\A^ 

The Model Locomotive Engineer, Fireman, and Engine Boy : Com- 

, prising a Historical Notice of the Pioneer Locomotive Engines and their 
Inventors. i2mo. London, 1879. i^i-75 

Continuous Railway Brakes. A Practical Treatise on the several 

Systems in use in the United Kingdom ; their Construction and Perform- 
ance. Numerous illustrations and tables. 8vo. London, 1882. $3.60 

Engine Driving Life: Stirring Adventures and Incidents in the Lives 

of Locomotive Engine Drivers. 2d edition, with additional chapters. 
i2mo. London, 1894. $0.80 

Rogers. Pocket Primer or Air Brake Instruction. Stiff paper cover. Iji^.^o 

Roper. Hand-Book of the Locomotive; including the construction of 
engines and boilers and running of locomotives. 14th edition, revised. 
i2mo, mor. tucks. Philadelphia, 1893. $2.50 

Sinclair. Locomotive-Engine Running and Management. A Practical 
Treatise on Locomotive Engines, showing their performance in running 
different kinds of trains with economy and Despatch. Also, directions ' 
regarding the care, management, and repairs of Locomotives and all their 
connections. Illustrated by numerous engravings. 20th edition, revised. 
i2mo. New York, 1893. $2.00 

Stretton. The Locomotive Engine and its Development. A Popular 
Treatise on the Gradual Improvements made in Railw^ay Engines be- 
tween the years 1803 and 1892. Illustrated. i2mo. 3d edition. Lon- 
don, 1895. $1.00 

Synnestvedt. Diseases of the Air Brake System. Their Causes, Symp- 
toms, and Cure. Illustrated. i2mo. 1894. $1.00 

Woods. Compound Locomotives. 2d edition, revised and enlarged by 
D. L. Barnes. 8vo. Illustrated. Chicago, 1894. $3.00 



MACHINE TOOLS AND APPLIANCES. 

Harrison. The Mechanic's Tool Book, with Practical Rules and Sugges- 
tions for Machinists, Iron Workers, and others. i2mo. New York, 
1882. $1.50 
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Hasluck. The Mechanics' Work-shop Handy Book. A Practical Man- 
ual on Mechanical Manipulation. Embracing Information on Various 
Handicraf . Processes, with Useful Notes and Miscellaneous Memoranda. 
i2mo. I^ndon, 1888. ^.40 

Knight. Mechanician. A Treatise o*n the Construction and Manipulation 
of Tools, for the Use and Instruction of Young Engineers and Scientific 
Amateurs. 4th edition. 4to. -London, 1888. ^^7.25 

Lukin. Young Mechanic. Containing directions for the use of all kinds 
of Tools and for construction of Steam Engines and Mechanical Models, 
including the Art of Turning in Wood and Metal. Illustrated. i2mo. 
New York. i!^i-75 

Rose. Complete Practical Machinist. Embracing Lathe Work, Vise 
Work, Drills and Drilling, Taps and Dies, Hardening and Tempering, 
the Making and Use of Tools, Tool Grinding, Marking out Work, etc. 
Illustrated by 356 engravings. 19th edition, greatly enlarged. i2mo. 
Philadelphia, 1895. $2.50 

Shelley. Work-shop Appliances. Including descriptions of some of the 
Gauging and Measuring Instruments, Hand Cutting Tools, Lathes, Drill- 
ing, Planing, and other Machine Tools used by Engineers. loth edition, 
with an additional chapter on Milling, by R. R. Lister. Illustrated. 
i2mo. London, 1894. <!5i.50 

Smith. Cutting Tools worked by Hand and Machine. 14 plates and 51 
illustrations. 2d edition. i2mo. London, 1884. $1.50 

Usher. Modern Machinist. A Practical Treatise on Modern Machine 
Shop Methods, describing in a comprehensive manner the most Approved 
Methods, Processes, and Appliances Employed in Present Practice, etc. 
257 illustrations. i2mo. New York, 1895. ^2.50 

Watson. Modern Practice of American Machinists and Engineers. i2mo. 
Illustrated. Philadelphia, 1892. $2.50 

MECHANICAL DRAWING AND MACHINE 
DESIGN. 

Andre. Draughtsman's Hand-Book of Plan and Map Drawing ; including 
Instructions for the preparation of Engineering, Architectural and Me- 
chanical Drawings, with numerous illustrations, and colored examples. 
8vo. London, 1891. ^3-75 

Appleton's Cyclopaedia of Technical Drawing. Embracing the Principles 
of construction as applied to Practical Design. With numerous illustra- 
tions of Topographical, Mechanical, Engineering, Architectural, Perspec- 
tive, and Free-hand Drawing. 8vo, leather. New York, 1887. $9.00 
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Armengaud, Amoroux, and Johnson. Practical Draughtsman's Book of 
Industrial Design, and Machinists' and Engineers' Drawing Companion. 
Forming a Complete Course of Mechanical, Engineering, and Architectu- 
ral Drawing, with additional matter and plates, selections from and ex- 
amples of the most useful and generally employed mechanism of the 
day. Illustrated by fifty folio steel plates, and fifty woodcuts. New 
edition. 4to, half mor. Philadelphia, 1892. $7.50 

Barber. Engineers' Sketch Book of Mechanical Movements, Devices, Ap 
pliances, Contrivances, Details employed in the Design and Construction 
of Machinery for every Purpose. Collected from numerous sources and 
from actual work. Classified and arranged for reference. Nearly 2,000 
illustrations. 8vo. London, 1897. $4.00 

Building and Machine Draughtsman. A practical guide to the projection 
and delineation of subjects met with in the practice of the engineer, 
machinist, and building constructor, etc.; by practical draughtsmen. 
i2mo. London, 1891. $2.00 

Burns. Illustrated Architectural Engineering and Mechanical Drawing 
Book. For the use of Schools, Students, and Artisans. loth edition, 
revised and corrected, with additional sections on important departments 
of the art. 8vo. 284 illustrations. New York, 1893. $0.75 

Davidson. Drawing for Machinists and Engineers. Comprising a com- 
plete course of Drawing adapted to the requirements of Millwrights and 
Engineers; also, course of practical instruction in the coloring of me- 
chanical drawings. 4th edition. i6mo. London. $2.00 

Donaldson. Drawing and Rough Sketching for Marine Engineers, with 
Proportions, Instructions, Explanations, and Examples ; also How to De- 
sign Engines, Boilers, Propellers, Paddle Wheels, Shafts, Rods, Valves, 
etc. 6th edition. Illustrated. London, 1895. $300 

Faunce. Mechanical Drawing, prepared for the use of the students of 
the Mass. Institute of Technology. 2d edition, revised and enlarged. 
Illustrated and 8 plates. i2mo. Boston, 1890. I1.25 

Halliday. First Course in Mechanical Drawing (Tracing). Folio, paper. 
London, 1889. y^75 

Mechanical Graphics. A second course in Mechanical Drawing, with 

. preface by Professor Perry. 8vo. London, 1889. $2.00 

Hulme. Mathematical Drawing Instruments and How to Use Them. 
5th edition. i2mo. New York, 1892. $1.50 

Klein. Elements of Machine Design. Notes and plates. 8vo. Beth- 
lehem, Pa., 1889. $6.00 

Low. Introduction to Machine Drawing and Design. i2mo. London, 
1892. ^.60 
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Low and Bevis. Manual of Machine Drawing and Design. 3d edition, 
753 illustrations. 8vo. London, 1895. $2.50 

MacCord. Practical Hints for Draughtsmen. Illustrated \nth 68 dia- 
grams and full page plates. 3d edition, 4to. New York, 1890. $2.50 

Mechanical Drawing. Progressive Exercises and Practical Hints. 

For the use of all who wish to acquire the Art, with or without the aid 
of an Instructor. 232 illustrations. 4to. New York, 1892. $4.00 

Kinematics, or Practical Mechanics. A Treatise on the Transmis- 
sion and Modification of Motion and the Construction of Mechanical 
Movements. For the use of Draughtsmen, Machinists, and Students of 
Mechanical Engineering, in which the laws governing the motions and 
various parts of Mechanics, as affected by their forms and modes of con- 
nection, are deduced by simple geometrical reasoning, and their applica- 
tion is illustrated by accurately constructed diagrams of the different 
mechanical combinations discussed. 4th edition. 8vo. New York, 
1893. $5.00 

Mahan and Thompson. Industrial Drawing. Comprising the Descrip- 
tion and Uses of Drawing Instruments, the Construction of Plane Fig- 
ures, the Projections and Sections of Geometrical Solids, Architectural 
Elements, Mechanism, and Topographical Drawing. Revised and en- 
larged, and chapter on Colored Topography added. 30 plates. 8vo. 
New York, 1890. $3.50 

Minifie. Mechanical Drawing. A Text-Book of Geometrical Drawing, 
for the use of Mechanics and Schools, in which the Definitions and Rules 
of Geometry are familiarly explained: the Practical Problems are -ar- 
ranged from the most simple to the more complex, and in their descrip- 
tion technicalities are avoided as much as possible. With illustrations 
for Drawing Plans, Sections, and Elevations of Buildings and Machin- 
ery; an Introduction to Isometrical Drawing, and an Essay on Linear 
Perspective and Shadows. Illustrated by over 200 diagrams, engraved 
on steel. With an Appendix on the Theory and Application of Colors. 
8vo. New York, 1890. $4-oo 

Geometrical Drawing. Abridged from the octavo edition, for the 

use of Schools. Illustrated with 48 steel plates. 9th edition. Revised 
and enlarged. i2mo. New York, 1890. $2.00 

Palmer. Mechanical Drawing, Projection Drawing, Geometric and Oblique 
Drawing, Working Drawings. A Condensed Text for Class Room use. 
8vo. Columbus, O. 1894. $0.80 
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Ripper. Machine Drawing and Design for Technical Schools and Engi- 
neer Students. Being a complete course of Instruction in Engineering 
Drawing, with Notes and Exercises on the Application of Principles to 
Engine and Machine Design, and on the Preparation of Finished Col- 
ored Drawings. Illustrated by 52 plates and numerous explanatory 
drawings. 8vo. London, 1897. $^.qo 

Roberts. Drawing and Designing for Marine Engineers. 21 large fold- 
ing plates and many other illustrations throughout the text. Svo. Lon- 
don, 1895. $2.50 

Rose. Mechanica^ Drawing Self-Tanght. Comprising Instructions in 
the Selection and Preparation of Drawing Instruments, Elementary In- 
struction in Practical Mechanical Drawing, together with Examples in 
Simple Geometry and Elementary Mechanism, including Screw Threads, 
Gear Wheels, Mechanical Motions, Engines and Boilers. Illustrated by 
330 engravings. 4th edition, revised. 8vo.. Philadelphia, 1894. $4.00 

Shaw. Mechanical Integrators. Including the various Forms of Pla- 
nimeters. i8mo, boards. Illustrated. New York, 1886. $0.50 

Smith. Graphics, or the Art of Calculation by Drawing Lines, applied 
especially to Mechanical Engineering. Part I. Text, with Separate Atlas 
of Plates — Arithmetic, Algebra, Trigonometry, Vector and Lecor Addi- 
tion, Machine Kinematics, and Statics of Flat and Solid Structures. 8vo. 
London, 1888. $5.00 

Stanley. Descriptive Treatise on Mathematical Drawing Instruments, 
their Construction, Uses, Qualities, Selection, Preservation, and Sugges- 
tions for Improvements, with Hints upon Drawing and Coloring. 6th 
edition. i2mo. London, 1888. $2.00 

Tomkins. Principles of Machine Construction ; being an application of 
Geometrical Drawing for the Representation of Machinery. Text i2mo, 
Plates 4to. New York. ^3- 5° 

Unwin. Elements of Machine Design. Part I. General Principles, Fas- 
tenings, and Transmissive Machinery. 13th edition. i2mo. London, 
1894. $2.00 

Part 11. Chiefly on Engine Details. i2mo. New edition, revised 

and enlarged. London, 1893. $1.50 

Wanen. Elements of Machine Construction and Drawing : or. Machine 
Drawing, with some elements of descriptive and rational kinematics. 
2 vols. Text and plates. 8vo. New York. $7.50 
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MECHANICAL ENGINEERS* HAND-BOOKS. 

Adams. Hand-Book for Mechanical Engineers. 2d edition. Revised 
and enlarged. i2mo. London, 1891. ^^2.50 

Appleton's Cyclopaedia of Applied Mechanics : a Dictionary of Mechani- 
cal Engineering and the Mechanical Arts. Edited by Park Benjamin. 
Nearly 7,000 illustrations. Revised and improved edition. 2 vols. 8vo, 
leather. New York, 1893. ^^15.00 

Bale. Steam and Machinery Management : A Guide to the Arrangement 
and Economical Management of Machinery, with Hints oh Construction 
and Selection. Illustrated. 2d edition. i2mo. London, 1890. (Weale's 
Series.) $1.00 

Benjamin. Wrinkles and Recipes. Compiled from the Scientific Ameri- 
can. A collection of Practical Suggestions, Processes, and Directions, 
for the Mechanic, Engineer, Farmer, and Housekeeper. With a Color 
Tempering Scale and Numerous Wood Engravings. 4th revised edition. 
i2mo. New York, 189 1. $2.00 

Byrne. Hand-Book for the Artisan, Mechanic, and Engineer. Compris- 
ing the Grinding and Sharpening of Cutting Tools, Abrasive Processes, 
Lapidary Work, Gem and Glass Engraving, Varnishing and Lackering 
Apparatus, Materials and Processes for Grinding and Polishing, etc. 8vo. 
Illustrated. Philadelphia, 1887. $5.00 

Carpenter. Tezt-Book of Experimental Engineering. For Engineers and 
for Students in Engineering Laboratories. 249 illustrations. 2d revised 
edition. 8vo. New York, 1895. ^6.00 

Chordal. Extracts from ChordaPs Letters. Comprising the choicest 
selections from the Series of Articles which have been appearing for the 
past two years in the columns of the American Machinist. With over 50 
illustrations. i2mo. New York, 1889. j^2.oo 

Clark. Manual of Rules, Tables, and Data for Mechanical Engineers, 
based on the most recent investigations. With numerous Diagrams. 
6th edition. 1,012 pages. London, 1894. $5-00 

Mechanical Engineers* Pocket-Book of Tables, Formulae, Rules, and 

Data. A Handy-Kook of Reference for Daily Use in Engineering Prac- 
tice. i6mo, mor. London, 1893. ^3-oo 

Dixon. The Machinists' and Steam Engineers' Practical Calculator. 
A compilation of useful Rules and Problems, arithmetically solved, to- 
gether with general information applicable to Shop Tools, Mill Gearing, 
Pulleys and Shafts, Steam Boilers and Engines. Embracing valuable 
Tables and Instructions in Screw Cutting, Valve and Link Motion. 2d 
edition. i6mo, mor., pocket form. New York, 1892. $2.00 
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Engineering Estimates, Costs, and Accounts. A Guide to Commercial 
Engineering. With numerous Examples of Estimates and Costs of Mill- 
wright Work, Miscellaneous Productions, Steam Engines and Steam 
Boilers, and a Section on the Preparation of Costs Accounts. By a Gen- 
eral Manager. 8vo. London, 1890. $5.00 

General Machinist, Being a Practical Introduction to the Leading Depart- 
ments of Mechanism and Machinery, the Communication of Motion or 
the Transmission of Force by Belt, Rope, Wire Rope, and Pulley Gearing 
— Toothed- Wheel and Frictional Gearing ,• together with the details of 
the component and essential parts of mechanism — Shafts, Pedestals, 
Hanger, Clutches, etc., and of the methods of fitting up Machines, Screw 
Bolts, Riveting, etc. By various practical writers and machinists. 75 
illustrations and 4 folding plates. 8vo. London, 1891. ^2.00 

Grimshaw. Hints to Power Users. Plain, Practical Pointers, free from 
high Science, and intended for the man who pays the bills. i2mo. New 
York, 1 89 1. $\.QO 

Hasluck. Mechanic's Workshop Handy-Book. A I*ractical Manual on 
Mechanical Manipulation. Embracing Information on Various Handi- 
craft Processes, with Useful Notes, and Miscellaneous Memoranda. 
i2mo. London, 1888. $0.40 

HasweU. Engineers' and Mechanics' Pocket Book, Containing Weights 
and Measures, Rules of Arithmetic, Weights and Materials, Latitude and 
Longitude, Cables and Anchors, Specific Gravities, Squares, Cubes, and 
Roots, etc. ; Mensuration of Surfaces and Solids, Trigonometry, Me- 
chanics, Friction, Aerostatics, Hydraulics and Hydrodynamics, Dynamics, 
Gravitation, Animal Strength, Windmills, Strength of Materials, Limes, 
Mortars, Cements, etc.; Wheels, Heat, Water, Gunnery, Sewers, Com- 
bustion, Steam and the Steam Engine, Construction of Vessels, Miscel- 
laneous Illustrations, Dimensions of Steamers, Mills, etc.; Orthography 
of Technical Words and Terms, etc. 62d edition. Revised and enlarged. 
i2mo, mor. tuck. New York, 1897. $4.00 

Hawkins. Hand-Book of Calculations, for Engineers and Firemen; re- 
lating to the Steam Engine, the Steam Boiler, Pumps, Shafting, etc. 
Illustrated. 8vo. New York, 1895. ^^52.50 

Hutton. Works Manager's Hand-Book of Modern Rules, Tables, and 
Data for Civil and Mechanical Engineers, Millwrights, and Boiler Makers, 
Tool Makers, Machinists, and Metal Workers, Iron and Brass Founders, 
etc. 5th edition, revised, ^ith additions. 8vo, half-bound. London, 
1895. $6.00 
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Button. Practical Engineer's Hand-Book. Comprising a Treatise on 
Modem Engines and Boilers, Marine, Locomotive, and Stationary, and 
containing a large Collection of Rules and Practical Data Relating to 
Recent Practice in Designing and Constructing all kinds of Engines, 
Boilers, and other Engineering Work. 4th edition, carefully revised, with 
additions. 370 illustrations. 8vo. London, 1S92. $7-oo 

Kent. Mechanical Engineers' Pocket-Book. A Reference Book of Rules, 
Tables, Data, and Formulae, for the Use of Engineers, Mechanics, and 
Students. 1,087 pages. i2mo. New York, 1897. J^S-oo 

Knight. American Mechanical Dictionary. A Descriptive Word Book 
of Tools, Instruments, Chemical and Mechanical Processes; Civil, Me- 
chanical, Railroad, Hydraulic, and Military Engineering. A History of 
Inventions. General Technological Vocabulary, and Digest of Mechani- 
cal Appliances in Science and the Industrial and Fine Arts. 3 vols. 
Illustrated, 8vo. Boston, 1884. $24.00 

Supplement to the above, $9.00 

The 4 vols., complete, $27.50 

Lockwood's Dictionary of Terms used in the Practice of Mechanical En- 
gineering. Embracing those current in the Drawing Office, Pattern Shop, 
Foundry, Fitting, Turning, Smiths* and Boiler Shops, etc., comprising 
upwards of 6,000 definitions. Edited by a Foreman Pattern Maker. 
i2mo. London, 1888. $3-oo 

Molesworth. Pocket-Book of -Useful Formulae and Memoranda for Civil 
and Mechanical Engineers. 23d edition, revised and -enlarged. Pocket- 
book form. London, 1895. $2.00 

Moore. Universal Assistant and Complete Mechanic : Containing over 
One Million Industrial Facts, Calculations, Receipts, Processes, Trade 
Secrets, Rules, Business Forms, Legal Items, etc. Illustrated. i2mo. 
New York. $2.50 

Nystrom's Pocket-Book of Mechanics and Engineering. Revised and 
corrected by W. D. Marks. 20th edition. Greatly enlarged. i2mo, 
mor. tucks. Philadelphia, 1895. ^3- 50 

Rankine. Useful Rules and Tables relating to Mensuration, Engineering 
Structures, and Machines. 7th edition, thoroughly revised by W. J. 
Millar. With Electrical Engineering Tables, Tests, and Formulae for the 
use of Engineers, by Prof. A. Jamieson. i2mo. London, 1889. $^.QO 

Roper. Engineers' Handy-Book. Containing a full explanation of the 
Steam Engine Indicator, and the Use and Advantage to Engineers and 
Steam Users. With Formulae for estimating the Power of all Classes 
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of Steam Engines ; also Facts, Figures, Questions, and Tables, for Engi- 
neers who wish to qualify themselves for the United States Navy, the 
Revenue Service, the Mercantile Marine, or to take charge of the better 
class of stationary Steam Engines. Illustrated. 14th edition. i6mo, 
mor. tucks. Philadelphia, 1894. $^-1^ 

Scribner. Engineers' and Mechanics' Companion. Comprising United 
States Weights and Measures, Mensuration of Superfices and Solids; 
Tables of Squares and Cubes; Square and Cube Roots; Circumference 
and Areas of Circles ; the Mechanical Powers ; Centres of Gravity ; Gravi- 
tation of Bodies; Pendulums; Specific Gravity of Bodies; Strength, 
Weight, and Crush of Materials ; Water-wheels, Hydrostatics, Hydraulics, 
Statics, Centres of Percussion and Gyration ; Friction Heat ; Tables of 
the Weight of Metals, Scantling, etc. ; Steam and Steam Engine. 20th 
edition, revised. i6mo, full mor. New York, 1890. $1.50 

Spons' Tables and Memoranda for Engineers, and convenient reference 
for the pocket. loth edition, 64mo, roan, gilt edges. London, 1892. 
In cloth case. I0.50 

Mechanics' Own Book. A Manual for Handicraftsmen and Ama- 
teurs. Complete in one large vol., 8vo, containing 700 pp. and 1,420 
illustrations. 2d edition. London, 1889. ^2.50 

Dictionary of Engineering. Civil, Mechanical, Military, and Naval, 

with Technical Terms in French, German, Italian, and Spanish. 8 vols. 
8vo, cl. London, 1874. jf>5.oo 

Supplement to above. 3 vols., cl. London, 1881. Each, $5.00 

Templeton. Practical Mechanics' Workshop Companion. Completing 
a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous Tables cf Practical Data and Calculated Results 
fo. Facilitating Mechanical Operations. 17th edition, revised, modernized, 
and considerably enlarged, by Walter S. Hutton. i6mo, leather. Lon- 
don, 1895. $2.50 

Engineers', Millwrights', and Mechanics' Pocket Companion. 

Comprising Decimal Arithmetic, Tables of Square and Cube Roots, Prac- 
tical Geometry, Mensuration, Strength of Materials, Mechanical Powers, 
Water Wheels, Pumps and Pumping Engines, Steam Engines, Tables of 
Specific Gravity, etc. Revised, corrected, and enlarged from the 8th Eng- 
lish edition, and adapted to American Practice, with the addition of much 
new matter. Illustrated by J. W. Adams. i2mo, mor. tucks. New York, 
1893. %z.oo 
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Van Cleve. English and American Mechanic. An e very-day Hand-Book 
for the Workshop and the Factory. Containing Several Thousand Re- 
ceipts, Rules, and Tables indispensable to the Mechanic, the Artisan, and 
the Manufacturer. A new, revised, enlarged, and improved edition. 
Edited by Emory Edwards, M.E. i2mo. Philadelphia, 1893. 5>oo 

MECHANICS (ELEMENTARY AND APPLIED). 

Church. Notes and Examples in Mechanics ; with an Appendix on the 
Graphical Statics of Mechanism. 128 illustrations and 6 plates. 8vo. 
New York, 1892. $2.00 

Cotterill. Applied Mechanics, an Elementary General Introduction to 
the Theory of Structures and Machines. Illustrated. 3d edition. 8vo. 
London, 1892. ^5.00 

and Slade. Lessons in Applied Mechanics. i2mo. London, 189 1. 

$1.25 

Dana. A Text-Book of Elementary Mechanics for the use of Colleges 
and Schools. loth edition. 12 mo. New York, 1893. $1.50 

DnBois. Elementary Principles of Mechanics. Designed as a Text-Book 
for technical schools. 3 vols. 8vo. New York. 

Vol. I. Kinematics. tZ-S^ 

Vol. II. Statics. ^^4-00 

Vol. III. Kinetics. $3-5o 

Gamett. Treatise on Elementary Dynamics. For the use of Colleges 
and Schools. 5th edition. 8vo. London, 1889. $»-50 

Geldard. Statics and Dynamics. Illus. i2mo. London, 1893. ^{{1.50 

Goodeve. Principles of Mechanics. New edition, rewritten and enlarged. 
i2mo. London, 1889. $2.50 

Manual of Mechanics. An Elementary Text-Book for Students of 

Applied Mechanics. Illustrated. I2mp. London, 1886. 5o.8o 

Hancock. Text-Book of Mechanics and Hydrostatics. With over 500 
diagrams. 8vo. New York, 1894. v^-lS 

Hughes. Condensed Mechanics : a selection of Formulae, Rules, Tables, 
and Data for the Use of Engineering Students, Science Classes, etc., in 
accordance with the requirements of the Science and Art Department. 
i2mo. London, 1 891. $1.00 

Jamieson. Elementary Manual of Applied Mechanics. Specially ar- 
ranged for the use of First Year Science and Art, City and Guilds of 
IxDudon Institute, and other Elementary Engineering Students. i2mo. 
London, 1892. ^1-25 
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Kennedy. Mechanics of Machinery. With numerous illustrations. i2mo. 
London, 1893. $Z'S'^ 

Kinematics of Machinery ; or, The Elements of Mechanism. i6mo, 

boards. New York, i88i. ^.50 

Nystrom. New Treatise on Elements of Mechanics. 8vo. Philadelphia, 
1875. ^2.00 

Perry. Practical Mechanics. Edited by Professor Ayrton and Dr. Wor- 
mell. Illustrated. i2mo. London, 1886. jJ5i.50 

Practical Mechanics. Being the Fourth Volume of " Amateur Work Il- 
lustrated." Plates and illustrations. 4to. London. J$3.oo 

Rankine. Applied Mechanics, comprising Principles of Statics, Cinemat- 
ics, and Dynamics, and Theory of Structures, Mechanism, and Machines. 
i2mo. 14th edition, thoroughly revised, by W. J. Millard. London, 1895. 

$5.00 

and Bamber. Mechanical Text-Book ; or, Introduction to the Study 

of Mechanics and Engineering. With numerous diagrams. 4th edition, 
revised. 8vo. London, 1890. ^^^3.50 

Stahl and Woods. Elementary Mechanism. A Text-Book for Students 
of Mechanical Engineering. 3d edition, revised and enlarged. Illus- 
trated. i2mo. New York, 1893. ;^2.oo 

Weisbach. Theoretical Mechanics, with an introduction to the Calculus. 
Translated from the fourth German edition by E. B. Coxe. 8th edition, 
revised. 8vo. New York, 1889. $10.00 

Vol. II., Part I. Hydraulics and Hydraulic Motors. $5-oo 

Vol. II., Part 2. Heat, Steam, and Steam Engines. ^5.00 

Vol. III., Part I. Kinematics and Machinery of Tranamission. i^-oo' 
Vol. III., Part 2. Machinery of Transmission and Governors. $5.00 

Wood. Elements of Analytical Mechanics. With numerous examples 
and illustrations. For use in Scientific Schools and Colleges. 7th edi- 
tion, revised and enlarged, comprising Mechanics of Solids and Mechanics 
of Fluids, of which Mechanics of Thirds is entirely new. 8vo. New 
York, 1889. $3.00 

Principles of Elementary Mechanics. Fully illustrated. 9th edition. 

i2mo. New York, 1894. $1.25 

Wright. Text-Book of Mechanics. With numerous examples. 3d edi- 
tion. i2mo. New York. ^2.50 
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MISCELLANEOUS. 

Amateur Mechanic's Workshop. A Treatise containing plain and concise 
directions for the manipulation of Wood and Metals, including Casting, 
Forging, Brazing, Soldering, and Carpentry. By the author of " The 
Lathe and its Uses." 7th edition. Illustrated. 8vo. London, 1888. 

$2.50 

Saunders. Compressed Air Production. Rules, tables, and illustrations 
relating to the Theory and Practice of Air Compression and Compressed 
Air Machinery. Illustrated. 8vo. New York, 1881. |k).50 

Smith. Workshop Management : a Manual for Masters and Men, com- 
prising a few Practical Remarks on the Economic Conduct of Workshops. 
3d edition. i2mo. London, 1883. Jk).8o 

Stuart. How to Become a Successful Engineer : Being Hints to Youths 
intending to adopt the Profession. 9th edition. i6mo. New York, 1889. 

Jk).5o 

STEAM AND STEAM ENGINES. 

Aleiuinder. Model Engine Construction. With Practical Instructions to 
Artificers and Amateurs. Containing numerous illustrations and twenty- 
one Working Drawings, from Original Drawings by the Author. i2mo. 
London, 1895. $3.00 

Baker. Treatise on the Mathematical Theory of the Steam Engine. 
With Rules, at length and Examples worked out, for the use of practical 
men, with numerous diagrams. 8th edition. London, 1890. |k).6o 

Bale. How to Manage a Steam Engine ; a Handbook for all who use 
Steam. Illustrated, i^ith examples of different Types of Engines and 
Boilers; with Hints on their Construction, Working, Fixing, Economy 
of Fuel, etc. 7th edition. i2mo. London, 1890. $1.00 

Bourne. Catechism of the Steam Engine in its various Applications to 
Mines, Mills, etc. New edition, enlarged. Illustrated. i2mo. New 
York, 1886. $2.00 

Hand-Book of the Steam Engine, containing all the Rules required 

for the right Construction and Management of Engines of every Class, 
with the easy Arithmetical Solution of those Rules. Illustrated. 1 2mo. 
New York, 1889. tx,-]^ 

Bum. Steam Engine, its History and Mechanism. 3d edition. 8vo. 
Illustrated. London, 1875. |k).75 
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Clark. Steam and the Steam Engine, Stationary and Portable. (Being 
an Extension of the Elementary Treatise on the Steam Engine, of Mr. 
John Sewell.) 4th edition. London, 1892. ^0.40 

The Steam Engine. A Treatise on Steam Engines and Boilers; 

comprising the Principles and Practice of the Combustion of Fuel, the 
Economical Generation of Steam, the Construction of Steam Boilers, 
and the principles, construction, and performance of Steam Engines, 
Stationary, Portable, Locomotive, and Marine, exemplified in Engines 
and Boilers of recent date. Illustrated by above 1,300 figures in the text, 
and a series of folding plates drawn to scale. 2 vols. 8vo. London, 
1895. 1515.00 

Colyer. Treatise on Modem Steam Engines and Boilers, including Land, 
Locomotive, and Marine Engines and Boilers. For the use of Students. 
With 46 plates. 4to. London, 1886. ^5.00 

Cotterill. Steam Engine considered as a Thermodynamic Machine. A 
Treatise on the Thermodynamic Efficiency of Steam Engines. Illus- 
trated by tables, diagrams, and examples from practice. 3d edition, re- 
vised and enlarged. 8vo. London. 1896. net %^.^o 

Diesel. Theory and Construction of a Rational Heat Motor. Translated 
from the German by Bryan Donkin. With eleven figures in the text and 
three plates. 8vo. London, 1894. 1^2.50 

Edwards. American Steam Engineer, Theoretical and Practical. With 
Examples of the latest and most approved American Practice on the De- 
sign and Construction of Steam Engines and Boilers of every description. 
For the use of Engineers, Machinists, Boiler Makers, etc. Illustrated by 
77 engravings. i2mo. Philadelphia, 1893. ^^2.50 

Practical Steam Engineers' Guide in the Design, Construction, and 

Management of American Stationary, Portable, and Steam Fire Engines, 
Steam Pumps, Boilers, Injectors, Governors, Indicators, Pistons, and 
Rings, Safety Valves and Steam Gauges. For the use of Engineers, 
Firemen, and Steam Users. Illustrated. 3d edition, revised and cor 
rected. i2mo. Philadelphia, 1893. ^8^2.50 

Evers. Steam and other Prime Movers. A Text-Book both Theoretical 
and Practical. Illustrated. i2mo. London, 1890. $1.50 

Steam and the Steam Engine ; Land, Marine, and Locomotive. Il- 
lustrated. i2mo. New York. $1.00 

Ewing. Steam Engine and other Heating Engines. Illustrated. 8vo. 
Cambridge, 1894. ^3-75 
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Goodeve. Tfext-Book on the Steam Engine. With a Supplement on Gas 
Engines and on Heat Engines. 12th edition, enlarged. i2mo. 143 
illustrations. London, 1893. $2.50 

Gould. Arithmetic of the Steam Engine. i2mo. N. Y. 1897. $\.qo 

Grimshaw. Steam Engine Catechism. A series of direct practical an 
swers to direct practical questions, mainly intended for young engineers 
and for examination questions. loth edition, enlarged and improved. 
i8mo. New York, 1893. $2.00 

Haeder. Hand-Book on the Steam Engine with especial Reference to 
Small and Medium sized Engines. For the Use of Engine Makers, Me- 
chanical Draughtsmen, Engineering Students, and Users of Steam 
Power. 1,100 illustrations. i2mo. London, 1893. ^300 

Henthorn. Corliss Engine and its Management. Edited by E. P. Watson. 
3d edition, enlarged with an appendix, by Emil Herter. Illustrated. 
i8mo. New York, 1891. $1.00 

Holmes. Steam Engine. 2 1 2 illustrations. 5th edition. i2mo. London, 
1895. $2.00 

This is a complete practical and theoretical treatise on the steam-engine, written in 
very clear and beautiful style, rendering the more abstruse principles of the subject as 
plain and simple as it is probably possible to make them. It is one of the best, if not the 
best, combinations of theoretical investigation and practical applications in the whole lite- 
rature of the subject, and forms an admirable companion to Ripper's smaller and more 
exclusively practical treatise. 

Jamieson. Text-Book of Steam and Steam Engines. loth edition, with 
numerous diagrams, four folding plates and examination questions. 1 2mo. 
London, 1895. ^3-50 

Elementary Manual on Steam and the Steam Engine. With nu- 
merous diagrams, arithmetical examples, and examination questions. 
i2mo. London, 1888. $1.40 

Lardner. Treatise on the Steam Engine, for the use of Beginners. i6th 
edition. Illustrated. London, 1893. $0.60 

Le Van. Steam Engine and the Indicator ; their Origin and Progressive 
Development, including the most recent examples 'of Steam and Gas 
Motors, together with the Indicator, its Principles, its Utility, and its Ap- 
plication. Illustrated by 205 Engravings, chiefly of Indicator Cards. 8vo. 
Philadelphia, 1895. I54.00 

Mallet. Compound Engines. i6mo, boards. New York, 1874. $0.50 

Marks. Relative Proportions of the Steam Engine. i2mo. Illustrated. 
3d edition. Philadelphia, 1892. $3.00 

Peabody. Table of the Properties of Saturated Steam and other Vapors. 
8vo. New York, 1895. ^^i.oo 
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Pray. Steam Tables and Engine Constants. For facilitating all calcu- 
lations upon Indicator Diagrams or Various Problems connected with 
the operation of the Steam Engine, from reliable data and with precision 
compiled from Regna^lt, Rankine, and Dixon directly, making use of the 
exact records. 8vo. New York, 1894. $2.00 

Rankine. Manual of the Steam Engine and other Prime Movers, with 
numerous tables and illustrations. i2mo. 13th edition. London, 1891. 

$5.00 

Rigg. Practical Treatise on the Steam Engine, containing Plans and 
Arrangements of Details for Fixed Steam Engines, with Essays on the 
Principles involved in Design and Construction. Copiously illustrated 
with woodcuts, and 96 plates. 4to. 2d edition. New York, 1894. 

$10.00 

Ripper. Steam. Illustrated. i2mo. London, 1889. jS^i.oo 

This work is based upon a course of lectures given to an evening class of young me- 
chanical engineers on steam, steam-engines, and boilers. It is remarkably clear, concise, 
and practical ; no superfluous matter is introduced, and every page goes directly to the 
point. It is the best bogk for beginners, and also for those who wish to have a manual 
embracing the practical features of the subjects in small compass. 

Roper. Hand-Book of Modern Steam Fire Engines ; including the run- 
ning, care, and management of Steam Fire Engines and Fire Pumps. 
2d edition, revised and corrected by H. L. Stellwagen. Illustrated. 
i2mo, mor. tucks. Philadelphia, 1889. $3-50 

Hand-Book of Land and Marine Engines, including the Modelling, 

Construction, Running, and Management of Land and Marine Engines 
and Boilers. 9th edition, revised, enlarged, and improved. i2mo, mor. 
tucks. Philadelphia, 1894. $3-50 

Catechism of High Pressure or Non-Condensing Steam Engines, 

including the Modelling, Constructing, Running, and Management of 
Steam Engines and Steam Boilers. 20th edition, revised and enlarged. 
Illustrated. i2mo, mor. tucks. Philadelphia, 1893. $2.00 

- Young Engineer's Own Book. Containing an Explanation of the 



Principle and Theories on which the Steam Engine as a Prime Mover is 
based, with a description of different kinds of Steam Engines, Condens- 
ing and Non Condensing, Marine, Stationary, Locomotive, Fire, Trac- 
tion, and Portable. 106 illustrations. 2d edition, revised. 16 mo, mor. 
tucks. Philadelphia, 1894. $3.00 

Rose. Modern Steam Engines. An Elementary Treatise upon the 
Steam Engine, written in Plain Language; for use in the Workshop as 
well as in the Drawing Office. Giving Full Explanations of the Con- 
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struction of Modern Steam Engines ; including Diagrams showing their 
Actual Operation ; together with Complete but Simple Explanation of 
the Operations of various kinds of Valves, Valve Motions, and Link 
Motions, etc., thereby enabling the ordinary engineer to clearly under- 
stand the Principles involved in their Construction and use, and to Plot 
out their movements upon the Drawing Board. New edition, revised 
and improved. 453 illustrations. 4to. Philadelphia, 1893. $6.00 

Key to Engines and Engine Running. A Practical Treatise upon 

the Management of Steam Engines and Boilers, for the use of those 
who desire to pass an Examination to take Charge of an Engine or 
Boiler. With numerous Illustrations and Instructions upon Engineers' 
Calculations, Indicator Diagrams, Engine Adjustments, and other Valu- 
able Information necessary for Engineers and Firemen. i2mo. Lon- 
don, 1887. $3.00 

Thnrston. History of the Growth of the Steam Engine. 2d revised 
edition. Illustrated. i2mo. New York, 1891. $2.50 

Manual of the Steam Engine. For Engineers and Technical 

Schools. Part I. Structure and Theory. Illustrated. 8vo. New 
York, 1 891. 1^7.50 

Part 11. Design, Construction, and Operation. Illustrated. 8vo. New 

York, 1892. ^^7.50 

Or in sets. j^ 12.00 

Hand-Book of Engine and Boiler Trials, and of the Indicator and 

Prony Brake, for Engineers and Technical Schools. Illustrated. 8vo. 
New York, 1893. $5.00 

Stationary Steam Engines, Simple and Compound, especially as 

adapted to Electric Dghting Purposes. 5th edition, revised, with addi- 
tions. Illustrated. i2mo. New York, 1893. l>i.So 

TurnbuU. Treatise on the Compound Engine. 2d edition, revised and 
enlarged by Prof. S. W. Robinson, i6mo, boards. New York, 1883. 

$0.50 

Wansbrough. Portable Engine ; its Construction and Management. A 
practical manual for owners and users of steam engines generally. 
i2mo. Illustrations and plates. London, 1887. $1.40 

Weisbach. Heat, Steam, and Steam Engine. Translated from the 4th 
edition of Vol. II. of Weisbach's Mechanics. Containing notes giving 
practical examples of Stationary, Marine, and Locomotive Engines, 
showing American practice, by R. H. Buel. Numerous illustrations. 
8vo. New York, 1891. ^S-oo 
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Whitham. Steam Engine Design. For the use of Mechanical Engi- 
neers, Students, and Draughtsmen. 3d edition, revised. With 210 

. illustrations. 8vo. New York, 1891. ^6.00 

Descriptive Treatise on Constructive Steam Engineering, embra- 
cing Engines, Pumps, and Boilers, and their accessories and appendages. 
Illustrations and many folding plates. 8vo. New York, 1893. $10.00 

Yeo, John. Steam and the Marine Steam Engine. 8vo. London, 1894. 

This book is intended more particularly for engineers of the Royal Navy, but will be 
exceedingly useful to thoSe of the mercantile marine as well. It is almost entirely de- 
scriptive, and is noteworthy for what it omits as well as for what it contains. Although 
treating exclusively of the marine engine and boiler, there is so much in it that is general 
to all branches of steam engineering, and the whole is so well and clearly expressed, and 
shows such a profound knowledge of the subject, that it cannot fail to be of the highest 
value to the general student. 

TRANSMISSION OF POWER, BELTING, ETC. 

Compressed Air. Experiments upon the Transmission of Power by 
Compressed Air, in Paris (Popp's System), and the Transmission and 
Distribution of Power from Central Stations by Compressed Air. Illus- 
trated. i6mo. New York, 1892. 1J50.50 

Toothed Gearing. A Practical Hand-Book for Offices and Workshops. 
By a Foreman Pattern Maker.* 184 illustrations. i2mo. London, 
1892. ^8^2.50 

Unwin. On the Development and Transmission of Power from Central 
Stations. Being the Howard Lectures delivered at the Society of Arts 
in 1893. Illustrated. 8vo. New York, 1894. $3.50 

VALVES AND VALVE GEARS. 
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